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PREFACE TO THE FIRST EDITION. 


Although tho subject of lubrication and lubricrfnts is by no 
means unrepresented in our technical litoraturo, \^^e are not 
acquainted with any one work in which is adequately treated, 
in the light of our present knowledge, from the point of view 
of the engineer and also of the chemist. Neverthelfes, it 
was not without considerable Jfesitation that we ac?%ted 
the invitation of the publishers to write a treatise on the 
sunject. 

So much still remains to be learned, relating to the chemical 
# ^ • 
constitution and physical properties of lubricantsjand also 

regarding the manner in which they act, unde^ certain circum- 
stances, in reducing friction, that we cannot claim t(f have < 
produced a complete treatise. We trust, however, ihat our 
work, though necessarily incomplete in niany^*espects, will 
proVe of value 10 the engineer, the chemist, and the manu- 
facturer. 

Being the joint production of a chemist and an engineer, the 
re^nsibiiity for the chemical and mechanical sections of the 
'wo»k must necesrtariiy rest mainly upon one or* other ofyi^p 
authors ; the purely pEysical sectioan are, however, to a laigp 
^extent t>f joint autho^hip. Our object has been to, as fl/’ as 
possible, make each sectior^cois^plete in itself. In^ the first four 
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•chapters, fnictioii, the vjscosity of liquids, ai^d lubrication are 
treated mafnly from aMieoretica^ poiiilk of view ; iu^the five suc- 
ceeding chaptei‘s, the nature, properties, anil tesftng of lui>ricai!ts 
are dealt with ; and the two final chapters ar^ (ievoV3d to a 
description and discussion of the practical applicatioJi of lubri- 
cants to maiihinery for the purpose of ^reducing friction and 
wcai’. In the last chapter, which has been written chiefly (or 
engineers in charge of machinery, many points are again briefly 
discussed which have already been more fully treated in earlier 
portions of* the work. 

Tlie*\loscriptions of oil-testing machines in the (diaptcr on the 
mechanical^iesting of lubricants are based almost entirely on 
published i Jfoniiation ; but, in the instructions for theii* 
manipulation, an endeavour has been made to state the con- 
ditions under which k^jsts may be made foi* “oiliness” or for 
viscosity, much that has been written on the subject being 
unsoiind, owing to a want of knowledge concerning the con- 
ditiChs under which these twlf^ propei ties of lubricants are of 
active value. 

t-b'or%Jie theory ( f viscous lubrication wc are indebted, firsuly 
to the- experimental work carried out for the Institution ^ 
Mecfianical Engineers by Mr. Eeauchamj) Tower, and tecondly, 
to the tlicoretical explanation of Mr. To\/er’s results communi- 
caUd fo tiie Eo^-al Society by Professor Osborne Keynolds, F.K.S. 
Withoulfiosing sight of the valuable work done by other investi- 
gators, amongftt whom should be mentioned I’^rofessors Thurston 
and Goodman, also Mr. Veitch Wilson, who, as a manufacturer, 
has laboured for so many years to spread a correct knowledge of 
the nature and properties of lubricants among users,^ it is not 
too much to say that the work done by Mr. Eeauchtfmp Tf%er 
’rofessul Osborne Keynolds has been maiiily instrumental 
yi leading to the adoptio!--.<of scientific methods of lubrication* 
aa5^as enabled the part plfy^ed by the viscosity of the*ldbricant 
tOf be clearly^ stated. ^ Au equd5s^.y (complete treatment of the 
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theory of (Sliness (Mj^reasiiicss is at present im})ossible ; but the 
bearing upon this iinportaj^t bratich of "tljij subject wf the in- 
vesrtgatio^is on *thQ» stability and thickness of liquid films carried 
puf by rrofessor| Jteinold and Rucker has k^en called attention 
to. J.ord Ri|.yleigh ’8 contributions to the theory of superficial 
forces liave also enabled us to show tlib important part played 
by superficial tension. 

The adoption of more c.orrect ideas c(ui(?ei*niiig the theory of 
lubrication, and tlie demand for machines of greater efficiency 
and power, have led to very rapid improvements in the designs 
of bearings and in tlic methods of applying lubricants. <feince 
we*undertook to write this work, great progress has been made 
11^ this direction. Every endeavour has been made^^io give the 
latest practical information, and we trust that, in giving pro- 
minence to new designs, w(i shall not lie regarded as having 
jiassed over with undue haste older methods and principles 
which ^till commend tliemselves to many practic.al engineers. 

Owing to the advances made during recent years in the ift^u- 
facturo and I’cfiuiiig, as well as in the methods of application and 
testing of lubricants, it is too much to expect that the infon^atioj^ 
which we have sought to convey is, in all respects, up to date. 
We sliall^therefore, gi'atefully welcoim; any suggestions (Ai*the 
part of our readers which may enable us in a mture edition to 
remedy defects and supply omissions. • # ^ 

Eefcrences are given throughout the text to thti cliie^literary 
sources whence w« have derived information. In the case of 
chemical and ptiysical papers appearing in foreign periodicals, 
we have referred chiefly to the valuable abstracts published 
•by the Society of Chemical Industry and the Society of Public 
Antlysls. ^The taldcs of chemical and pliysical constants of oils, 
etc.,liavo been ce)]>'pilcd mainly from the data collected by DJI 
Ltiwkowitscli for his standard treatigp on tlie £wial}''feis of mil 
partly firSm results accumulated in our own experience. 
^Engineer has also beei freely (jj^teS. 
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Our best thanks are due to Mr. C. -E. V^sis. b ! sc .* for assibt- 
ance in 8(»nie of the tnathematkial p(ji’tions of the work ; to Mrf 
T. H, Adams for assisting in the experimentaf wor^; aiM^to 
Messrs H. K. Haigh, J. F. Inglcby, H. dessop, B. Strongs 
11. 'Weatherburn, ana others, to whom we are indebted for in- 
formation, suggestions, of assistance in other ways. 
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L. AKCHBUTf. 

K. M. DEELEY. 

Derby, 'Septemhrr 1899, 



PREFACE TO THE SECOND EDITION. 


We very much regret the delay vvhich has occuiTed in the issue 
of this second edition of our work, but wc hope* that the 
thorough revision which the book has un[lergoiie, the rearrange- 
ment of some of the subject-matter, the addition of nearly 
seventy-five pages of new matter, and tlie enlargement aift im- 
provement of the index, will atone for the inconvenience ^llised 
by the book being out of print for so long a time. We have been 
m,uch gratified by the favourable reception accorded to Jjjse fiiBt 
edition, of which a French translation has been issued ; and 
ifie iuim|Tou8 inquiries for the second edition which we*liave 
received prove that the book has met a want. . 

The volume has been revised throughout, but the •chief 
additions have been made to the last three chapters. 

In Chapter IV.* a brief account of Lasclie’s experiments on 
the friction and*iubrication of motor bearings at high speeds is 
given. Doolittle s Torsion Viscometer is described in Chapter 
►VI., and some errors in the table for converting hydrometer 
degrees into specific gravities have been corrected. In Chapter 
JX.Ja full descilplion will be found of Thurston's Oil-test-’/aj^, 
Machine as modihod hf us, together #?'ith a desfiription of th*; 
method* ftf using the machine w^ich we have found most 
Advantageous, and the re^lt^iMof a number of tests whieh 



we have Jiiade.* Expegeiiee lias taught udf^that to obtain 
results of falue I'mnf tiiis marline, mud doubtless also from 
others of similar type, mucli patience and careful obs(^’vati5i\ 
are I'cquired. Deseriptions will also be found i^ ^his ^eliapter 
i)f several iiiachincs wliich were not included in* the first 
edition, or wliieh have been more recently designed; also an 
uccount of l*rofossor Kingsbury’s experiments on tlie friction 
of screws. 

’riie subjec t of bronze hearings and anti-friction alloys has 
been trciated at hmgth in Cha])ter X., and an account is givem 
of the most important researches. The tables giving the 
coinjHisition of these alloys have been entirely re-written, and 
the authorities added. Where no authority is mentioned, tliii 
composition stated is mostly based upon our own analyses. 
Fresh measurements '#f the thickness of lubric-ating films by 
Trofessor Kingsbury are gifen on j>. 397. Our best thanks arc 
due t^ Mr. H. Fowler for kindjjc revising the pages on baJl and 
roll^*l)carings. The desci’iptions of modern methods of lubrica- 
tion and lubi'icators have been largely added to, and we have 
pfbasuTu in acknowledging our indebtedness to several firms 
whose •names are mentioned in the text, for the loan of bhecks. 

In the last cha])ter, under the heading “ Lubriaition of 
Miscellaneous Ms chines,” we have given particiilars of the oik 
wl»cl? are suitable for Uk^ lubrication of the principal types of 
rnachinejy and engines, and we trust this information will prove 
useful. Mr. J. Veitch Wilson and other Experts whom wc 
have consulted have been kind enough to give us the benefit of 
their experience in regard to many machines which are outside 
the range of our own s))ecial experience. To these gentlemen, 
and to Sir Boverton Ifinlwood who has kindly revised the jTtgee 
oftvMineraj Oils in Chapter V., we tender our acknowledgiiientf 
^ind sincere tl!anks. W#f also wish to thank the America!] 
Society of Mechanical Ei^pneers, Jbhe reimsylvania*' ilailroa^ 
C«>mpany, and the-BroprietorHof Engineer uty for permission 
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to* quote from tllfetr publications; also^ J)r. Hwiry Leifinanu, 
Mr, H. F. Moofe, ProfessoiP Goodman, aiid^several oflier corre-> 
sppTidente and friends whose names n.re mentioned in the text, for 
suggestions aiidlin formation very kindly communicated. 

L. AKOJIIUTTT. 

11 M. i)EKJ.KY. 

Jannarij 1UU7. 
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CHAPTER I. 

FRICTION OF SOLIDS. 

• 

Entroductory. — The object of mechanism of all kinds is the control 
)r utilization of energ}^ for the purpose of doing ujefiil work. Owing, 
lowever, to the necessary imperfections of our methods, a large part 
)f the eijergy applied is wasted in various w'ays ; mainly, in over- 
joming the resistance to relative motion offered by the opp^ng 
lurfaces of the machines themselves. 

The least force properly applied to a perfect machine at rest should 
;et it in motion, and, owing to the inertia of its parts, such a raacliine 
)nce set in motion, but not doing work, should continue to move 
vith uniform velocity ; but there are causes which operate to arrest 
notiofl^first^’^, the inertia and frictional resistance of the air ; secondly, 
;he friction between the rubbing surfaces of the machine ; and thirdly, 
nduced electrical currents. The frictional resistances of the air may 
)e reduced by shaping the moving surfaces of the machine* so as t<j^ 
)pposo the least surface to its action ; with thn electrieal resistances 
ve are not here concerned. The most serious resistance ,to the 
notion of heavy machinery is the friction between the opposing 
lorfaoes, and it is in^rder to reduce this friction to a minimum that 
ubrication is resorted to. 

In some cases the frictional resistance between opposing surfaces 
s utilized as ^ means of transmitting motion from one portion of a 
aachite to another, or from machine to machine. Friction clutches 
or rope gearing may be instanced as cases in ppint. Here 
ho jobject is to make ilie fractional resistance as great as possible, so 
the opposing surfaces may not slip. S#ich devices^re, however, 
»eyond t^^cope of this work, for, although friction surfaces are often 
ubricated to a certain extdit, the lubric^t is applied to prevent the 
wtlhces from seizing, and note to f^duce frictiop. There are also 
nstanoes in which lubrication is resorted td chiefly in order to 
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'educe the wear of the friction surfaces, and ^this majP be of such 
mportapce that tl?c loss of rnergv by friction becomes quite f 
lecondary consideration. 

Lubrication is effected by interposing between the friction surfaces 
ilms of liquid or soft solid substances which de^Tease the friction, 
Such substances are called lubricants. The physical properties upon 
ivhi6h their lubricating powers depend will be considered at a later 
itago ; for the present we shall confine our remarks to a discussiofa 
Df the nature and laws of so-called solid friction, i.e. the friction 
between clean solid surfaces. Such surfaces are seldom chemically 
3lean; but the contaminating films do not affect the laws of solid 
friction, they only determine the degree of resistance. 

Friction is not merely a resistance to the relative motion of solid 
surfaces. The changes of shape undergone by solids when under 
itresH, as well as the movements of liquids, are opposed by internal 
friction, which, in these cases, is of quite a different nature* and 
abeys different laws to the friction between opposed surfaces. Other 
shapters will, therefore, be devoted to the consideration of liquid 
friction, whilst in the present one the phenomena presented by the 
friction between solid surfaf3es only will be discussed. 

Nature of FrictLn. — When^two solid surfaces are pressed firmly 
together, they cannot bo moved relatively to each other without the 
Bxercise of considerable force ; and when, by a sufficient effort, the 
3 uijfo,ccs have commenced sliding Against each other, the resistance to 
be overcome in order to keep them in relative motion, though it may 
be either greater or less than was required to start tlicm from a state 
af rest, has at all speeds a considerable retarding effect, and is called 
the friction be^uween the surfaces. The frictional resistance faries 
greatly between different surfaces and materials, being least between 
hard and polished, and greatest between soft and roi gh tiurfaces. 
between leather and coarse sandstone, fer example, its value is 
very considerable, and it is owing to this fact that w^e are enabled 
to stand and walk in such perfect security on ordinary ground. 
Between leather and ice there is very much less friction. Walking 
on ice. is, consequently, less secure than walking on the ground, and 
progression is more safely and easily effected by skating or sliding. 

In the sliding or rolling of solids against each other, friction ow'es 
its existence almost entirely to the roughness or uncvemiess of the 
surfaces in contact. Kven apparently smooth surfaces are not free 
from minute elevations and depressions which interlock when suchF* 
surfaces arc pressed together. Motion can then only icsult richer by 
the passag" of one set of inequalities over the other, or by the forcible 
breaking off of projecting parts. Whei^ this takes place, the Surfaces 
may be conthiuously abrided, for it does not follow’ that they wiK be 
rubbed smooth by the fri^'.tion. 

Friction between surfaces of unequal hardness results in the ns^or^ 
or less rapid abraa’on of the Mter surface, the harder surface sufiteiv 
lag very ^slightly, uiiless particles removed from it, or derived from 
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^extraneoxi? sources, •bjcome embedded in the s<..fter sijrface and act as 
graving tools. This is what ofcurj^in the process known t(f mechanics 
xis ‘lapping,’ in which emery or some other very hard substance is 
pressed into the surface of a soft metal, such af? lead, which merely 
adls as a l^oldcr :^r the cutting material. 

Friction nmy be greatly diminished by making the contact surfaces 
very smooth, and of exceedingly hard materials. Absolutely smooth 
surfaces ciwniot be produced, even the most perfectly polished surfaces 
being more or less uneven. 

JE-olling friction is of much 'the same nature as sliding friction. 
ITpon perfectly })lane surfaces the friction of rolling would be nilf 
but, as has just been pointed out, such surfaces cannot be produced, 
and inequalities remain wliich interlock and form obstacles to free 
motion. Moreover, pressure causes more or less deformation, botji of 
‘thg plane surface and of tlic face of the roller, so that contact takes 
place, not upon a line, hut upon a more or less broad strip, and as the 
roller moves along, fresh portions r)f the surfaces become distorted 
a»d some sliding fric^tiou occurs. Ne\ortheless, for the same load, 
much less resistance is offered to motion by rolling frictioif than by 
sliding friction. A block of stone which would require the exertion 
of great force to p\ish or drag it over the grountl, can be moved with 
comparative ease upon wooden rollers. Veliicles arc, for the same 
reason, provided with wheels ; and, of late years, the substitution of 
rolling for sliding friction has been extensively applied in thd^c^ler 
and ball hearings of electro-motors, tram-cars, cy(;les, churns, clocks, 
astronomical telcscojjcs, and many other machines and instruments 
where tlie pressure upon the surfaces is comparatively light. With^ 
this' kind of friction, substances such as indiarnbber, in the form of 
wheel tyres, for example, may he used to roll over comparatively 
rouglTsiirf^ces without much loss of energy, the elasticity of the one 
surface enabling it to change its form to suit the incqualitfos of the 
ground. * ^ 

Circumstances which Influence Triction.— Cohesion . — A cause •£ 
friction remains to bo considered which is aggravated rather than 
diminished by our efforts to produce smooth surfaces. The more 
perfect the surfaces, the more closely will they be brought into con- 
tact, and at very ?»nall distances molecular forces come into play 
which cause very true surfaces to adhere strongly and thereby resist 
sliding impulses. Two pi3cos of plate-glass, for instance, carefully 
cleaned froi^) dust, may, if placed upon one another and pressed 
togetfier witl^a sliding motion, he caused to adhere ^ so strongly that 
one m^v be lifted and even held in a vertical position by means of a 
handle of sealing-wax atta^ied to the other ; indeed, ^ skilled work- 
man can render the surfaces so nearly true^chat they cannot again be 
separate.^ without breaking the glass, th|r points of contact having 
b^me practically w?e^f7e<fTOgetner. In Tike manner pieces of marble, 

^ A distinction is sometimes drawn between ‘ adbssio^’ and ‘ cohesion * which is 
not warranted by ^he facts. ^See Tait ; Properties of MaJtUr^ 8rd edition, p. 241. 
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Upon which tri^e surfaces have been worked w^th great care, adhere 
when pressed together, and even *in vckmo their cohesion may be so# 
great that comparatively large masses may ^'emain suspended in 
virtue of their mutual molecular attractions. Clean, true surfaejes 
of copper adhere when pressed together ; and Bartpn, e^rly in ftie 
last century, showed that a dozen small cubes of this ^ metal, whose 
sides lie had made very triu‘, wdien piled one on another adhered when 
the upper one was lifted. Whitworth showed, more recently, that^ 
other substances may be caused to exhibit similar attractive forces. 

In such instances as have been adduced, the materials majr gener- 
ally be parted again without injury ; but two surfaces of lead which 
have been freshly scraped, if pressed together with a screwing motion, 
will adhere almost as firmly as if they formed one mass. In other 
words, such surfaces wlien rubbed together ‘seize,’ the materials 
composing them undergo a process of cold welding. Prof. Waltl^erc’ 
Spring has shown that the dust of most metals, if subjected to suffi- 
cient pressure, may be made to unite into sol if! blocks, and even alloys 
of two or more different metixls may be thus produced.^ The prosstfre 
required’ is very much greater with a hard metal, such as aluminium, 
than with a soft metal like lead, but all the metals experimented upon 
were found to wclcf' at ordinatry temperatures, if sufficiently com- 
pressed. Of course, the pressures used in these experiments were 
far greater than are brought to b^r upon ordinary bearings ; but, 
as <nfcwn al)ove, cohesion commences betw^een very smooth surfaces 
under very moderate pressures, and the increased friction thus set 
up rapidly causes the bearings to f)ecome heated, lids reduces the 
4 pressure at whi(jh welding takes place, and as soon as the welding 
pressure coincides with that to which the bearing is subjected,*" the 
metallic surfaces seize or almide each other. 

. Spring has, in fact, shown more recently- that by raiding Petals 
to temperatures far below their melting points, welding can be 
caused t(\ gradually take place under quite moderate pressures, 
and that even alloys of dissimilar metals can be forpied in this way. 
The metals experimented upon w'ere turned into cylinders, with en^ 
as perfectly plane as possible, and these were firmly pressed together 
by means of a screw. After heating for several hours at 200" ~ 400" 
C., the cylinders of most similar metals bc(;aihe so firmly welded 
together that, if broken in a vice, the fracture did not take place 
along the original surface of separation. Dissimilar metals, treated in 
the same way, became alloyed at the junction. . 

In these experiments, the welding and alloying effects were Aused 
by the surface molecules actually diffusing into each othef. The 
late Sir Willia^n C. Koberts- Austen, who 4 )ub\i 8 hed several inyestig^. 
fions on the rate of diffusiin of metals into each other, wrote, in 1897 r* 
The continuation of tin v^xperirnentft has led to the re^igjiitibh of 

1 Bull. Acad, r-lq., im ( 2 ), xlix., 

2 Aeit. Chem., 1894, xv., 65. 

< Fourth Bejmt to the Alloys Besearch ^omvLiitee^y. 
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the remarkable fac^ that diffusion of metals can readily be measured 
not only in molten but in so*d nfctals. It is certainly femarkable 
that gold— placed sk the bottom of a cylinder of lead 3 inches 
high, and heated to only 200“ C. or 400“ K., which is far below its 
melting p%int, •afid while it is to all appearance solid — will have 

diffused to the top in notable quantities by the end of three dayi^ . . 

The experiments summarized have already led to the recognition 
of the undoubted fact that it is possible actually to observe and 
measure the migration of the constituent atoms in a metal or alloy 
at the ordinary temperature.” 

Sitr/ace Contafninaiion . — All exposed surfaces are liable to undergo 
change, owing to the chemical action of gases and vapours contained 
in the atmosphere, ,Mnd to other causes ; and the films of oxide, sulphide, 
grease, oil, dust, dirt, etc., produced in this way modify the effecte of 
cohesion. Thus, in the experiment with lead described above, unless 
the metallic surfaces are perfectly bright and untarnished, though 
they will cohere strongly, they will not weld in the cold. Conta- 
mination films, however, except when the pressures are small and the 
rate of motion slow, are soon rubbed out. Under all circumstances^ 
therefore, where the heat due to friction can accumulate, that is, 
where it is not produced so slowly or in such small amount as to be 
conducted away as rapidly as formed, a solid or fluid lubricant must 
bo inte?i)osed between the adjacent surfaces, if only to keep them 
sufficiently apart to prevent friction due to roLesion. ^ • 

Although the chemically clean and true surfaces of such metals as 
lead, tin, or wrought-iron will not slide upon each other without seiz- 
ing, cast-iron may with impunity move in contact -nth wrought-iron# 
and steel, even when the surfaces are clean and the pressures moder- 
ately^frea^; indeed, dissimilar metals always work better and. with 
greater ease upon each other than do similar ones. The foregoing 
statement may seem to conflict with results which 1 ave been obtained 
m measuring the frictional resistance betwcjen similar metals. In 
every case, however, when this has been done between.* tough ’ metaR, ' 
there is reason to suppose that the surfaces were not chemically clean; 
for, although experiments have been made both with and 'without 
nibricants, in most.casos the condition of the unlubricated surfaces 
has been described as ‘ unctuous.’ 

The friction between most so-called * unlubricated ’ metallic surfaces . ‘ 
is, therefore, not a case of true friction between pure metals, but 
between surv:aces contaminated by atmospheric agencies, by grease. - 
^tc., derived from the material with which the surfaces were wiped 
^ by, chemically formed films, such as oxides, sulphides, etc.; in 
o^er words, the surfaces ^tre yaHially Indicated, Under* moderate 
piteures such films prevent the actual amesion of metal to metal , 
If the r«W^of motion be iiQt too high andkOie action not too prolonged 
^ i^st be clearly borne*^ misd^ otherwise what is known as 
fnction’ will not appear in its true lighU * However, so far as 
18 ^ present known, tfan laws of friction between contalnmated sur- ' 
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faces, and such clean surfaces ow? will run together^ are identical. A 
“ contamiiAted surface ” is not to Ibe regarded as one that is neces- 
sarily defiled, but merely one that has foreign mL,tter on it. 

The following experiment will illustrate the effect of a slight cofi- 
taminatioii film upon a motiillic surface : — ‘‘ « 

A sjjpooth file passed over the freshly prepared, clean* surface, will 
be found to cut well, even wdien gently pressed against the metal, 
but if the lijind be passed over the mctiillic surface, the film of grease 
thereby deposited will so lubricate it that considerably greater 
pressure on the file is now needed to cause it to cut. Tf it were ?Jot 
for the })reseiicu of this contamination film, soft or tough metals, 
such as tin, w rough t-iron, brass, etc., would at once seize if rubbed 
together, even at low speeds. Even with moderate loads, inequalities 
of ttie surfaces may project through the film and largely increase the^ 
frictional resistances. Until this takes place, tlie value of the friction- 
coefficient seems to depend as much upon the smoothness of the sur- 
faces and the nature of the foreign substances interposed as it does 
upon the natui-e of the materials in contact. 

Coefficient of Friction, — The relationship borne by the frktioncU 
residance to the load^or fores pressing the surfaces together has been 
the subject of much spccidation and discussion, and although 
numerous experimental researches have been carried out, such as 
those of Amontons, Coulomb, Vii|lb, Kennie, Morin, KimbAll, and 
othCrIp there has always been much conflict of opinion, hh’om what 
has been stated concerning the action which solid surfaces in close 
contact have upon each other, it will be clear that, although it may 
the possible to f rmulate somewhat general laws of solid fricton, 
such laws cannot bo expected to hold good under extremes of pressure 
or spped ; and they will be aftected to some extent by the^natee of 
the materials in contact and the surface conditions. 


The apparatus ^used by Morin for measuring the friction between 
surfaces consisted of a loaded box or slider, resting on a horizontal 
sffde. A cord, fastened to the slider, passed over a pulley and carried 
a smaller suspended box, which could be loaded with any desired 
weight. * Both slider and slide could, after each set of experiments, 
be replaced by others of different material. By placing weights in 
the suspended box (the slider being loaded) force was applied in a 
direction parallel to the sliding surfaces, and when the slider began 
to move, the weight of the small box was a measure of the frictional 
resistance. { t 

In a particular experiment, the weight of the slider I5bing one ton 
(2240 lbs.,), a force of .‘1.^)0 lbs. was rccpiired to cause it to move,;i 


Then, 

which IS called the coefficient offpcHon^ while 


3.50 lbs.-F 


iah^ewn^as the t(fSal frictional- resistance. 
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The coefficient of fHc^ion may he defined as that val^e which, when 
multiplied hy the pressure normkl to^the surfacei in contact gives the 
measure of the maximum frictional resistance to motion. 
faking W the weight normal to the surfaces 


Friltioiial Resistance 
Nofmal weight 


F 


= Coefficient of friction. 


Static and Kinetic Coefficients. — In some cases it has been found that 
the forc-e F re(j[uired to keep a body in motion differs from that required to 
mov^ it from a state of rest. Obviously there must be two coefficients of 
friction, of which tlie static (/x) may differ from the kinetic (/ij). As a rule 
the kinetic coeflicient, or coefficient of friction of motion, is alone of import- 
ance in machine work, for owing to the freedom or elasticity of the fnoving 
parte, or the vibrations generated at starting, the static coefficient does not 
^nake itself seriously felt. Hence the term “coefficient of friction” nicgns 
^Si^j-fficieiit of kinetic friction,” unless otherwise stated. 

The excess of the static coeflboent over the kinetic is most marked in the 
cAse of substances such as timber, ndiose surfaces may be sensibly indented by 
pressure. When such surfaces have remain d for some time in contact imder 
pressure, find at rest relatively to each other, ••.onsidcrable force steadily 
applied is reipiircd to cause them to slide. A similar effect on the Resistance 
to motion is shown in the pror-ess of starting a heavy goods train. With all 
the couplings tight, and the train at rest, the engine is unable to set the 
wagons in motion. The driver, therefore, reverses his engine until a suffi- 
cient proportion of the buffers are in contact and the coujilings slack ; ho is 
then enabled to set the wagons in motion one at a time, and so deal w^.h the 
static or low-sjieed friction in detail. • 

Solid Friction — Rennie's Experiments . — licnniei made a number 
of experiments on the coefficient of friction between certain metals^ 
at moderate speeds. From the smallness of the coefficient of friction 
with l^ht loads it would appear that he experimented with contami- 
nated surltces. The following table gives some of the resulth he 
obtained : — 


Table I.— Coefficients of Fkiction between Metal Sf/RPACKB. 


iL 


• 

Brass. 

steel. 

Cast-iron. 

• 

Wrought- 

iron. 

Tin. 

• 

Brass, .... 
Steel, .... 
Cast-iron, 

Wrought-iron, 

Ti.lt .V . . 

1^6 

•139 

•141 

•135 

•139 

•140 

•151 

•181 

•141 

•151 

•163 

•170 

•179 

•135 

•181 

■170 

•100 

•181 

•179 

•181 

•206 


Brass upon other metals igave the least frictional resistance, and tin 
upon other metals the highest average resiltaiice. Tin upon tin and 
brass ^irass both gave high figuro|-#-they were evidently, eten 
nflder small loads, showing signs (^^ucipient seizing, owing to the 
- rupture of the interposed film%t numerous jpoi||t«. These coefficients 
'^JPhU. Trans.^ 1829, p. 143. 
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are, however, much greater than those given by certain antifriction 
alloys when workin'; upon irorf or liteel. il. H. Smith, who has. 
submitted the alloy known as ‘ Magnolia metal i Ho a variety of tests, 
gives the following'figiircs, the bearing running dry : — 


Nominal presaurR 
Iba. pRr 8<|. III. 

99*5 

99*5 

99-5 


Speed in feet 
per min. 

52*3 

62-7 

78*4 


^^uflfficienC of 
Friction fn. 

•0713 

•0863 

•0618 


Owing to the low friction-coefficient of this alloy, a bearing'mttfy be 
run dry at considerable speed without serious injury resulting. The 
alloy also answers well for bearings which have to carry moderately 
heavy loads and run at moderate speeds, or which, owing to their 
popitions, can only be supplied with water. 

Friction and IS/)eed . — In all cases, the static coefficient is sensibly 
the same as the low-speed kinetic coefficient with imperfectly lubri- 
cated metallic surfaces, such as might be used for bearings; but 
between oak and oak and other soft materials, the kinetic frictfon 
at th<f speeds used in practice is considerably less than the static frip- 
tion. Jeiikin and Kwing^ found, however, that the change in the 
value of the frictic^-cocfficienk is not abrupt. In fact, it is highly 
probable that in the cases where the static coefficient differs from 
the kinetic, the latter gradually j^nges when the velocityc becomes 
ext^oBuiely small, so as to pass without discontinuity into the former. 

From a numlicr of experiments made by Kimball ^ it would also 
appear that, although there is no abrupt transition between the 
^ static and kinetic coefficients, the friction of motion is not always less 
than the friction of rest. This is more particularly the case when 
the loads are small or the surfaces are lubricated. 

, With clean or nearly clean surfaces, and light loads, Kimball 
found that the kinetic coefficient of friction at very slow speeds was 
greater thjjin the 'static coefficient, but that with increasing speed the 
coefficient reached a maximum and then decreased. This he illus- 
trated by an experiment which measured the friction of a leather 
belt hung over a cast-iron pulley. To one end of the belt a known 
tension was applied by means of a fixed weight; to the other end 
a spring dynamometer was attached. The tension of the ends of 
the belt being known, the coefficient of friction was easily found. 
In the following table the coefficients given are relative only : — 


t 

Feet per 
MjSiute. 
18 
92 
660 


Table II.— Relative Coefficients. 


Belative 

Coefiicients. 




•93^ 

1-00 


« 


Feet per 
cMiuute. 
1190 
1980 
1969 


'I 

Relative 

Ooetllciente. 

•96 



« ¥ .. 

See Table, p. 889. ^oc., 1878, p. 509. 

^^AnMri<i(t>7kJowytal of Sd&iwtf 1877, p. 868. 
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Kimball conaidered^that the results ho obtained reconcile the 
apparently conflicting statements df Morinf Boshin, Him, •Coulomb, 
and others, for these investigators experimented under very different 
conditions of velocity, pressure, etc. 

iftorin ex|)erimei?ted under conditions which gave him a coefficient 
approaching the maximum, and thus his results were approximately 
constant for all the speeds tried. Bochin experimented with railway 
trains ; his conditions were high speeds, hard contact surfaces, and 
great intensity of pressure. These circumstances, under some condi 
tioii* of lubrication, favour a coefficient decreasing as the velocitj 
increases. Him, on the other hand, employed very light pressures, 
less than two pounds on the square inch, and kept his contact sur- 
faces so thoroughly lubricated that the friction was rather between oil 
and oil than between two metallic surfaces. These conditions, ,,a1 
'b*4inary speeds, favour a coefficient increasing as the velocity in 
creases. For the efteets of speed to be ascertained, either th« 
metals in contact must be such that they will not seize as thej 
beftome heated, or one or both of the contact surfaces must be con- 
tinually changing. Both these conditions are fulfilled b}» railway 
brakes. When the wheel is revolving and rubbing against the brake 
block, the contamination of both surfaces is practically rubbed away, 
and the metals come into close contact. Dissimilar metals are, there 
fore, used— generally cast-iron blocks on steel or wroiight-iron tyres 
The clean tyre as it revolves is stationary with regard to the raik, %tid 
the coefficient there is practically the stfitic. In the following tabh 
will be found the results obtained by Galton and Westinghouse ^ foi 
cast-iron blocks upon steel tyres. The coefficient decreases greatly 
as the speed increases, and also as the blocks become heated aftei 
prolonged contact. 

Tabt.e 111. —Friction op Bhakks. 


Average Speed. 


(J()-el!ioient of Friction hetwci ii 
Cast-iron Brake-blockH and SI eel 'liyre,-.. 


Miles per hour. 

lit 8 seconds. 

{ .0 to 7 seconds. 

12 to 16 seconds. 

0 

••108 calcd. 

^ ’285 calcd. 

•237 calcd. 

6 

•360 i.xptl. 



10 

•320 „ 

•209 exptl. 


^ 20 - 

•206 „ 

1 -nc „ 

•128 exptl. 

30 

•184 „ 

■ -111 „ 

•098 „ 

40 

•134 „ 

-100 „ 

•080 

' 60 

■100 to 

•070 „ 

•056, „ 

60 

- i'^jL 

•062 „ 

1 

•054* 

■ ' 

••048 „ 

• 


The next table gives the coeiicienfe^for steel tysres upon steel rails 


^ Enginee'nj^ng, London, Aug. 28, 1878. 



Table IV.-j-Frieti^n oi^ Wheel*on Kail. 


Average Speed. 

V , 

eoelHcient of Friction between Steel Wheel Tyres and Steel Rails. 



Miles i>er hour. 

« . • 

From comtnencement of Experiment to end of ‘i Seconds. 

t 

0 

T41 tuilculaietl. 

10 

If) ; 

*1 10 experimental. 

•087 „ - . 

2:*) 1 

35 ! 

•080 „ 

15 ' 

•047 

50 ; 

1 -040 




Betwoen the brake-block and tyre the friction is high, for there is no 
foreign su})stance on the surfaces. In the case of the wheel upon the 
rail the case is dilferent ; here the tyre is slipping over a more or Ibss 
contamifiated surface, and the frictional resistance is smaller. The 
adhesion of wheels to rails yields a very variable coefficient of friction, 
ranging roughly from 0*3 to O'b, according to the state of the weather. 
Taking the coefficient of the rolling friction of ti)e wheel upon the 
rail to be at all sj)eeds, in ord^ry weather at 25 miles per hour 
w^iifliy make the weight upon the blocks equal to the weight of the 
vehicle, but at higher speeds, say 60 miles per hour, about two and 
a half times this pressure will, at the irioment of applieation, barely 
skid the wheels.,^ ^ 

On the diagram (fig. 1) some of the figures obtained by Oalton and 
Westinghouse have been plotted with the corresponding th^)retical 
static coefficients. The curves drawn through them are logarithmic 
curves, the rate at which the friction decreases being approximately 
proportional to*the coefficient of friction at each speed. In other 
vords, the slojie of the curve at any point is proportional to the length 
of the corresponding ordinate, and if the logs, of the ordinates had 
been plotted the result would have been straigjit lines. 

This decrease of the friction with increasing speed occurs both with 
the friction between the wheel and rail and with that between the 
brake-block and tyre. In the former instance, the contact surface of 
the tyre is constantly passing over fresh rail, which maintains unaltered 
the nature of the contamination and keeps the temperature 
duly rising ; but between the tyre and the brake-block there 
constant suj)ply of foreign material, and the contact surfaces^ conse- 
^^quently ahradp each other and heat very mpidly. This heating woufe 
seem in a great measure f!b be the cause of the decrease of the friction 
wfiich occurs when the suKj|Ccs have fieeiyn contact seveHik^econds. 

Laws of Solid Friction. — Tl^laws of soiid friction as enunciated 
by-Coulopib are dpproiimately corf-ect for moderate speeds and 
ordinary loads, but, as^they are not applicable at all speeds and loads, 


frcjp un- 
is no such 
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the laws of friction between clean or slightly Contaminated surfaces 
may betnore cor .«otly Totaled al follows : — • 

1. The frictioi^l resistance is approximately proportional to the 

load on the rubbing surfaces. / 

2. The frictional rcsistiincc is slightly greater iTor lai%e areas and 
small pressures than for small areas and great pressuyes. 

3. The frictional resistance, except at very low speeds, decreagi|»s 
as the velocity increases. 

The truth of the first law is easily demonstrated by a machine such 
as Morin’s, • 

With a slider of cast-iron on a slide of the same mctjil : — 

A weight of LG lbs. requires 8 lbs. to draw it along. 

28 4 

>* jj * j> 

14 2 

J» )) 

For the coetheient of friction of cast-iron upon cast-iron we have, 
therefore, • 

8 4 2 

% ^ 

Rennie obtained *163 for this coetheient. The value of is, 
therefore, according to these figu^s, approximately independent of 
the area of the surfaces and the load, provided abrasion does not 
tAkf place, but it varies with the condition of such surfaces. 

Theory of Solid Fridio^i , — Helc Shaw ^ has attempted to account 
for the laws of solid friction in the following manner. Suppos- 
ing the surfaced to be smooth and worn to their normal condibion, 
there are even then only a certain very limited number of points in 
portae t, and further wear merely removes groups of part^^ki? leaving 
other lipllows, or, if no wear is taking place, merely displaces the pro- 
jecting particlcijj. Any increase of pressure brings a larger number of 
particles»into contact, and so increases, to a proportional extent, the 
‘'friction, or anjouiit of rubbing and consequent heat produced. Hence 
the friction varies with the pressure. For low velocities, whe constant 
resistance simply depends on the number of jlkrticles in contact, and, 
as this at any point is the same, the friction is not altered ; when, 
however, the velocity is very high, it may be that the surfaces are 
slightly separated, and the friction is thereby reduced ; and it may 
also be that prominences on one surface periodically displaced, but- 
not permanently removed, may not regain their poetflion with suf- 
ficient rapidity to make contact with as many particles on tke other 
surface as they otherwise would. • « ' 

* iBollilig Friction. — \^hen a roller passes over an elastic surface 
the contact is not line contact ; both the roller and the ^^rfaoe upon 
which it rests are, accordjilfe to Osboxne Reynolds, ^ deform?^ by^th^ 
pressure. ^ t 

* Ch>nt9r Ledares on Friction^ 1886, p, 13. 

I** FMl. 7ya»w., 1876, p. 166. • 
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In fig. 2 Ifn iron roller is represented moving o^er a surface of 
rj^bber. The rubber ij# distort^ b^the weigh to of the roller, and 
slides or rubs against itfat points near C and I). For some distance 
on efioh side of the centre, P, there is no slipping, and this area of no 
slip tncrcasef with^the friction be- 
tween the surfaces. When both the 
roller and the suiface upon which 
if rests are distorted, the conditions 
arc similar. 

It 4 S conceivable that the use of 
an unguent for ball or roller bear- 
ings may so increase the area over 
which slipping takes place that the resistance to rolling may be 
actually increased. The lubricant, however, in some measure, pr^- 
the wear of the surfaces. In the case of ru])bor tyres, rolling 
over rough, uneven ground, such slipping is not large, and the 
resistance to rolling is (jorrespondingly small. 

UHie laws of rolling friction would appear to be identical with those 
of sliding friction, with t\iG proviso that the resistance varies invarscly as 
the radius of the I'olling body. The law may be cypre,ssed as follows 



U 



( 2 ) 


where /ii = the coefficient of friction, W = the load on the roller^r|= 
the radius of the rolling body, and 11 == the frictional resistance. 

The rate of slipping at the contact surfaces is so slow that the 
coefficient of friction, although it probably decroa8(|5 as the speed 
inore?i8es, does so very slowly. 

Cause of Heating. — The energy which is expended in overcoming 
the frictlCbSI resistance of two rubbing surfaces and in keeping them 
in motion is converted into heat, and raises the temperature of the 
masses in contact above that of surrounding objects. When the 
amount of friction is small, the rise of temperature is also small, buti^ 
should the frictional resistance become large from atiy cause, the 
heating of the materials in contact may become so great that the 
opposing surfaces either become brittle, melt, or even weld together. 
It is clear that some relationship exists between the work done and 
the heat produced. The significance of this relationship was first 
grasped by our countryman, James Prescott Joule, who experimentally 
demonstrated ^hat a given amount of work, however expended, always 
produfts a fixe^ quantity of heat. In siich cases as the lifting of 

weight or the bending of a spring, energy is rendered^ potential, 
but this stored energy can lij^ewiso produce its proper equivalent of 
hedt. % • * 

Befor^l» relationship between work, energy, and heat can Ue 
'toriaulated accurately, we ^usB be ^le xo measure both work and 
heat in some exact manner. TUb unit*of heat used in this country 
is the quantity which will raise one pound of^w^r, at iti4 maximum 
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density, oiic^de^ree F. in temperature. Whai the C.&.S. or metric 
system is used, it i^r the fjuantity of ^leat whith will raise one gramme 
of water from 4" C. to 5” C. Work, on theV)ther hand, is measured 
by the product of the average resistance and displacement. Thus, 
in the case of a sliding surface, if the force reqi^rod tO|.maintam the 
surfaces in relative motion be one pound, and the dijitance travelled 
be 779 ^ feet in each se(;ond of time, tlien the work done each second 
is 779 foot-pounds. This amount of work lias been proved to Ee 
just Bufheient to raise one pound of water, when at its maximum 
density, one degree in temperature. 779 foot-pounds is callad the 
mechanical e(pii valent of heat, and tlie constancy of its value under 
all conditions has ('stablished on a firm basis the law of the conserva- 
tion of energy. To the engineer this is one of the most important 
generalizations ever arrived at, as it affords a ready means of answer-* 
ing many problems wliich would otherwise be <liffi(;ult to solve. ^ 

Making W = the total pressure in lbs. on the rubbing surfaces : — 

= the coefficient of friction. , 

^ r — the speed of rubbing surface in feet per minute. 

Then, W/x, =thc frictional resistance. 

W/xp’ = tlM ''oot-pounds of work done per min. 

W/jc 

-T.! =the thermal units generated per min. 

779 ^ 

t We thus see that the heat liberated by any bearing surface is 
proportional to the friction. In some oil-testing machines the rise of 
temj)erature which occurs is measured and is taken as an indication 
of the resistance'' to motion which the surfaces offer. The actua) rise ' 
Df temperature depends, of course, not only upon the rate at which 
heat is liberated, but also upon the conductivity of tjjg heated 
surfaces. The frictional resistance cannot, ♦’hcrefore, be^iroportional 
to the rise of temperature. 

Solid lubric&nts are all substances, such as graphite, soapstone, 
3tc., which, although they may often be welded into more or less 
jolid masses *l)y pressure, oppose comparatively small resistance to 
shear,’ or to the movement of smooth surfaces in contact with them. 
They differ in their action from fats and greases, inasmuch as the 
atter melt and form oils at comparatively low temperatures, whilst 
die solids referred to maintain their condition unaltc'red between the 
mrfacos, and prevent seizing or tearing even when the frictional 
resistances raise the temperature of the bearings veif cons^i^rably. 
The coefficient of friction of such lubricants is, liowovor, high, and 
vhen eooifomy of power is of consequence, liquid lubricanf^ and a 
mfficiently li^rge bearin^surface should tie used, wherever practicable. 

’ Trans., 1876, 155. 



CHAPTEU 11. 

INTERNAL FRICTION OR VISCOSITY OF LIQUIDS. 

PLASTIC FRICTION. 

InJfoductory. — Before mineral oils were introduced as lubricants, 
engineers had little reason to study the theory of viscosity, or to 
specify the particulai* fluidity of the oils they wished to make use 
of, for the number of animal and vegetable oils available f^r lubri- 
cation is limited, and the degree of viscosity th(!y exhibit does not 
vary much in different samples, a little cxpci’Slnee being usually 
sufficient to determine the most suitable description of oil for the 
purpose in view. But since the introduction of mineral lubricating 
oils, which can be prepared of any desired viscosity, the measur|fnent 
of this property and the study of its influence upon lubrication b^ve 
assumed great practical importance. 

In this chapter we purpose discussing the nature of viscosity and 
visc(^is flovN', including the theory of the viscometer. • The bearing of 
vis(!osity on lubrication will be discussed in Chapter IV. on “The 
Theory^Mkibrication ” ; and practical viscometry, or the method of 
measuring the vis(X)sity of lubricating oiLs, will be reserved for 
Chapter VI. on “ Physical Properties and Methods *of Examination 
of Lubricants.” ^ 

Nature of Visdbsity. — All liquids exhibit viscosity^ although in 
varying degree. Thus, if a vessel of water be tilted anci then 
quickly brought back to its original j)osition, so as to set the water 
in oscillatory motion, it will be found that with each swing the 
amplitude of the oscillation diminishes, and that in a very short 
time the movement dies away or becomes imperceptible, and the 
surface of the liquid comes to rest in an exactly horizontal position. 

If 9 similaT experiment be made with sperm oil, a much greater 
resistaiKe to movement will be observed ; the oscillations produced 
will not only be mimh slower, but will also be fewer in number. 
Vety viscous oils, such as castor, and vis^d liquids Rke glycerine 
and trcaclcj^ will not even oscillate ; such liquids merely flow steadSy 
unjil th'Sf free surfaces ar# agacin honzoiftal. In all cases the move- 
ment ceases sooner or later, anckit isxlle internal friction or viscosity 
of the liquid which arrests the motion. 
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Cohesion and .Viscosity. — Some writers h’av» assume! a relation- 
ship between viscosity and cohesion, Knit no cl*iinection has yet beeipt 
proved to exist. Considerations such as the Allowing will show that 
there is no nocessa'ry relation between them. 

A sphere of soft iron may be slowly rotated arj^und tb-c pole *of a 
powerful magnet with very little difficulty, althou^ considerable 
force is ro(]uired to draw the ball and magnet apart. Similarly, the 
molecules of water move about each other with great freedom, an?i 
the li(piid has a very low visciosity in consequence ; yet, according to 
the calculations of Young and Dupre, the force required to tea^* the 
molecules apart is ccpial to a pressure of about 25,000 atmospheres. 

Viscous Flow and Lubrication.— As the value of an oil for 
lubricating depends very largely upon its viscosity, the laws of 
viscous flow will be considered at some length. We will endeavour ‘ 
to state the mathematics of the subject in as simple a mannej^as 
possible, illustrating by means of diagrams those conditions of flow 
a fairly comphitc explanation of which is necessary in order to obtain 
a propcT understanding of the part viscosity plays in lubrication. • 

The conditions of motion of a fluid film enclosed between two 
relatively moving surfaces differ somewhat from the flow of the same 
liquid through a citpillary tuber. In the one instance, wc have the 
conditions ol)taining between lubricated surfaces, and in the other, 
the conditions of flow under whj^ viscosity is most readily and 
aq^;u«ritely measiired. 

Viscous Flow between Parallel Horizontal Planes having 
Differential Tangential Motion.— When a fluid lubricant is inter- 


posed between ^v/o solid surfaces, one of which is in tangential motion 

and the other at rest, ‘"that 

— portion of the fluid which is 

• ^ I X in contact with ^idr^dhertnt 

I " / moving surface is con- 

r — I /• N 7^/ strained to move with it, 

I X / — ^ while that portion wdiich is 

/ adherent to the surface which 

^ a ^ remains motionless. 

c. Between the two surfaces the 


Fifj. 3. 


fluid may be regarded as con- 


sisting of a series of super- 
posed layers, each moving at a speed proportional to its distance 
from the solid fixed surface. This, the simplest form ^ viscous flow, 
is illustrated in fig. fl. •' 

A stratiKii of a viscous medium is enclosed between two*parallel 
planes, XX and YY, the ui>per of whicji is supposed to be 'moving 
with uniform'velocity in#lhe direction of the arrow, whilst the Idvver 


rfemains fixed. The migion of the fluid nuLst be coopered as 
having reached a steady .st!ate,^the fdree fioducing the moSmn bting 
supposed to act fojelv along the •plane XX in the direction of 
the arrow.. * 
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The liquid incdiunT r\my be I’c^.Y^led as made up •f a ^erics of 
. i.ifinitely' thill superpor ?d planes (a coarse illustration being a pack of 
cards), the tojimost aiid lowest of whicli arc he? 1 by cohesion in 
iiun^diate contact with the solid surfaces. The topmost plane of 
liquid is, th(?/efore, ^larried along by the moving surface XX, and the 
hiwest plane istlield stationary by the fixed surface YY. The inter- 
mediate planes of the Ihpiid derive their motion solely from that of 
the plane XX, the force acting upon which is propagated downwards 
from stratum to stratum by the internal friction or viscosity of the 
fluid.* As the fricdional resistance is absolutely uniform throughout 
the fluid, each litpiid plane must move over the one immediately 
below it exactly the same distance in the same time ; and, therefore, 
any row of points in contiguous [ilanos, forming at one moment the 
*yertical straight line will have moved, after a certain intervai*, 
interpositions on the inclined straight line AjCj. If the length of 
the line AjB, be taken to represent the velocity with which the upper 
plane is moving, then the length of th( Ime BN” will represent the 
velocity of the fluid at any point in the phoie passing through N. 
In such a case, which is virtually that presented by a ]n’operly lubri- 
cated bearing, thci’e is no friction b(‘tw(‘cn the two >olid siirfa(;es, for 
they do not touch, and yet force, oontimiously applied, is recpiired to 
keep the surfaces in I’clativo iiioti<ui. The frictional resistance, as 
already pointed out, is wholly due to the sliding oi the liquid layers 
one over the other, i.e. to the resistance offered by the IkpiiS to 
sliear. It lias l»eeu necessary to deal with this subject in some detail, 
for the action of a lubricant is sometimes stated to result from the 
yolUti<i of the molecules of the lubricant over each ot’iir, and over the 
solid surfac/cs between which they pass. 8nch a view, however, 
cannot bf' j^tified by an appeal to expcrimonl. 

The forcie required to maintain continuous relative motion between 
opposing plane surfaces, such motion being of the natuie of a shearing 
stress, is measured by the stress per unit area of either of the planes. Thus ^ 
we may write • 

f-=/a Cl) 

where F is the total force,*/ the force per unit area, and A the area of the 
planes over which the stress acts. 

Since no stresses utlu f than those transmitted by shear act on the mass of 
liquid a/jry, any section through it jiarallel to the two bounding planes is 
exposed to the sanu- stress per unit of area as is the li<iiii(l in contact with 
the plaims. If becomes the position after the lapse of one second of a 
normal Tine of se'-tion, such as BjOj, then the inclination of the line AjPC^ 
will he lAe same throughout its length, and it must he a straight iine. Also 
the lengdi Bj represeiitw the velocity of the upper plane, and th^ length 
NP Ihe velocity at a dLs<nnce Bjl^ from XX. ' 

Hence, , sin *e we may write where r is the velocity 

NCi B^Ci »*o ^ 

at a aistance x from YY, and Vj and,^r(, are' their values at the surface XX. 

The stress / is, therefore, proportional to which we may cj^l the rate 
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of diatorj^ion, r.nd we may 


make 



h 

il 


■ (^) 


where v is a constant which varies with the temperature for any liquid)' and 
is known, as the coefficient of viaimity of tliat licpiid. '* 

Furtlier, l 

F=/A-M . . (S); =-,’’A . . (4); =/j-A . . (r) 

X r^f 

7,=,^ .. (G); aixl 1 .,=.^% . . (7) 

v^A rial) ^ ' 


Also, tlie rate of distortion 


7;A 


( 8 ) 


' Viscosity in Absolute Measure . — If A, and are each unity, then 

v = F, and the viscosity ?? of a substance is then measured by the tangf^ntial 
force jier unit area of either of two horizontal planes at the unit of distance 
apart, one of which is fixed, while the other moves with unit velocity, the 
space between the planes being filled with the viscous snbsUnce. 

By the establishment of the above simple working definitions we are able 
to form equations applicable in all jiroblems involving viscous flow 

Both in the meav,avement of the visc(»sity of various Ihpiids, and in the 
problems which have to be solvecfin the theory of lubrication, it is necessary 
that we should be able to find the volume of tlie liquid displaced under 
varying conditions. Although this Mu be simply accomplished by methods 
ij;v«:*-vi'ng the calculus, it is better Ttir the cleantr understanding of lubri- 
cating problems to attack the matter geometrically. 

The volume V swept through by any cross section BjB CjC in moving 

to the position ^ A) A CjC— (9) 

and this is a measure of the volume of liquid displaced. 

Substituting for its value from equation (7) _ 


and for F its value from (3) 


A7 _ 

’ ~2av 

27, 


( 10 ) 

( 11 ) 


Viscous Flow under the Action of Gravity between Fixed Planes. 

— We have hitherto considered only the conditions of flow which 
result from a stress applied solely at a Ihpiid surface parallel to the 
direction of flow, the viscosity of the fluid setting in motion the whole 
mass in such a way that the rate of shear is everywhere the same. 
But when the liquid flows between two fixed })hine {^urfaces, -parallel 
to each 6ther, and the force setting the fluid in motion ajets either 
upon each particle of the liquid, or equ^dly over the whole of ^ section 
normal to the directioiy^of flow, the velocity at different points ih the 

liquid is not proportional to the distai^ce from the soricF^rface,-^ 

« a; 

Ijfeases to^equal kid* the rate of shear is not the same at all points. 
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Althoup^S neitlicr "ill the iiioAsiiromeiit of the vfsm*is constants of 
•lubricants, nor underjfthe coiiflitions o])taiifing when lubrfcants are 
applied, do wc meet with quite the conditions o^ flow which obtain 
between stationary parallel jflanes of infinite width, it is advisable to 
consider tlfis parUicular case ; for it serves to bridge over the gap 
between the# conditions under which a 
Jubricaiit really works, and those under 
which its viscosity is measured. 

Til fig. 3 the rate of shear, which is the 
san» at all points, is indicated by the slope 
of the straight line AjC, ; hut when tlie 
rate of shear varies regularly across the 
section the liiK^ becomes curved, as is shown 
in fig. 4, when the viscous lupiid is hu[>- 
pof:ied to b(‘ flowing between two vertical 
parallel plane surfaces \X and XX, iindei' 
the influence of uniform pressure luting 
on the surfaces on each side of YY. 

Here, in i>lace of a force J\ acting on unit 
area of Y\, parallel to the dii’cction of 
motion, we have a j/ressiire p, acting on 
unit area of the surface />r,„ normal to the 
direction of flow. 'Jfliis force may result 
cither from the pressure of a licpiid column, 
or it may be regarded as llie eflect of 
gravity acting with an eipial force on (‘.ach 
particle of the liipiid. In either case the 
nature of the flow is the same, but it is more c()uvenient to treat 
it as b^i^jj^due to a pressure p, acting on a surface normal to the 
direction of flow. 

If we take a length a at either hounding ])lane XX^, then the whole 
pressure on the section Icq there tends to shear the liquid, the total pressure 
on half the cross .seciion being pbr^, • 

and from (8) tlie rate of shear at the boundary 



Fjo. 4. 


( 12 ) 


ijba vK, 

We also find that at anv di stance r from Y V the rate of shear— . (13) 

ija 

and wesee thalithe rate of shear is directly proportional to the distance r 
from tne plane vy. That is to say, at any point C (fig. 5) in the liquid the 

• AP • 

r^e of shear is propone mal to BC. Now is the rate of shear, CA being 

tangential to the curve at (I Draw CD perpendicular tu OA, to cut the 

centre litS in D. Then we htve *But ~ is proportional to i 

1^ B4I# BA UB 

(see above). Therefore — is proportional to :^,*or^D is constant. 

BO, BU ^ • 
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But Bl) istliw subnormal of tlie curve O^EjCi, wliiuli can eas^ily be shown 
to be a paVabola, and tiierefore the Volume ot fluifl |»assed on eiich side 
YY, in unit time, is half the volume of a 2 >ciralK)lic juism CjEjC^ of length h. 



-herefore, B.A, 

rja 


ukI 


^ ’2ria 


(14) 


Now, the volume enclosed by the fiarabolic curve C,E| = § the area of the 
3{ise X the perpendicular height. ^ 

Therefore, the volume passed in unit of time on each side of Ife plane 

YY =%xr,Jbx^^ . (15) 

. . . , (IQ) 


= 1{ X r.Jb X 

, ' 2va ' f 

’ I 

ind the volume jjussed in any g^An time (t) will he 


. ( 17 ) 
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Viscous Vlow thifeugh Capij^lary Tubes.— 7\s nilUbo sen) when 
the theory of lubd'd.tion eonies to be dis^usstid, the eonaitioiis of 
viscous flow obtaining between plane surfaces are /II iinport/int. Still 
su«j(i conditions arc not those under which the coefficient of viscosity 
r/ is most •accurately and easily measured. The most concordant 
values have been obtained by measuring the rate of flow through 
papillary tubes in which, as between plane surfaces where the flow 
results from the pressure' of a given lu'ad of Ihjuid, the rate of shear is 
greatest at the bounding surface. 


Fig. G shows diagraimiiatically the conditions of flow obtiiining in a 
wipilhirv tube, at a point some distance from the end at which the liquid 
enters, the flow having reached a stale of eipnlihrium ; for at the inlet end 
the eifccts of inertia manifest themselves. 

Tn a iKirtion of tube of length a, the wliolc jwcssnre on the cross sectfbn 
tends to sliear the liquid at the bounding surface, and the area over 
which this jiressiire acts is eipial to Now, the are.a of the cross section 

of the tube=7rr„-. Therefore, the, total jiressure over tJie cross section 

-pirr,,-, and from (8) the ral« of shear at the bo indary= 

17 X 2ir7’„ % a 

which resolves itself into . . . (IH) 

2va 


In the tvw* of a small cylinder of liquid concentii' with the tube and of 

ladiiis r, the rate of shear at its boundary — . . . . T Tl9) 

2ria 

Tlierefoie, the, rate of shear is directly jiroportional to the distance from 
the centre line of the tube, and the curve, indicating the i<^te of distortion is, 
as in the (^ase of the jiarallel planes, a parabola ; and the volume jiassed in 
unit of tune is the volume of a paraboloid of revolution, having a base of 
radius a height A, (fig. b). 

From (18) we have 

B^C, 2ri<l 


( 20 ) 


Thertjfore, 

and 


BjAj — 

BjEj — ^BjA^: 




47JU, 


(21 

( 22 ) 


Now the volume of a jiaraboloid of revolution I the area of the base 


the perpendicular height. Therefore, the volunie passed in unit time 
a * — i Xirr^-X^^^’* 

„ - V 


TT pr,* 
8 Tja 


1 


PTqH 


(23) 

(24) 

(25) 


And the volume V passed in aiij^ givo# 4 tirue=- , 

We may find exprestyiuii for the viscosity of the li<|pid fiHj*u the above, 
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l)y substituting .(or 5) its e(ini valent in y.rnis of tlid'head an^ density of 
liquid, ana tlic foree ob^ravity, 1 


irfiph 

HYti 


( 26 ) 


J’oiseuille was tlie lir>t to uemouhtrato exjmnineiiL-illy that tlfe volume of 
li([uid ])assed by a capillaiy tube is directly proportional t/) the pressure 
urging it along, and to tbe fourth jxnvcr of the radius of the tube, and in- 
versely as i(.s length. On this account the ab(»ve’is known as Poiseuiiys 
fornmla, and may be used, after making a small correction foi- h, for the 
purpose of calculating ahaolule viscosities. 


Physical and Mechanical Viscosity. -As Osboruc Reynolds has 
pointed out,' it by no means follows that foi- each j)artienlar liquid 
a fixed value ol need necessarily exist, such that/ ealculaied by 
equation {'!) agrees with the values of/ determined* by exjMUMinent 
for all values oi v and t\y As a matter of fact experiment shows 
that li(piids have appavimtly two viscosities ; for, as is well known to 
engineers, in large pipes the resistance to flow' varies as the S(piare of 
the vehxjity, and not directly as the velocity. When such is the 
case, 7) is not consbint in value. 

Carefully coiiduyted expcuiments by Coulomb, Poiscuille, and 
others, on the rate of flow throiigli long capillary tubes, have proved 
conclusively that the resistance qnder certain conditions is pro- 
portional to tbe velocity, and t\)M r) has then a constant value. 
Poi^cihlle’s experiments also proved that the volume passed varies as 
the fourth power of the radius of the tube. Such being the case, we 
may safely regard the flow of li(piids through tubes of very small 
bore as being coii.;rolled by the physitvd viscosity of the liquid, pud 
use e<piatiou 2G us a means of calculating the value of 1 / when the 
other values have hwn determined experimentally. 
must not ho lost sight of, that to obtain a correct result, the size of 
the tube, the iiitcnsity of the ])ressurc ])roducing the flow, and the 
viscosity of the liquid, must bear certain relations to each other. 

he reasons for this have been successfully worked out by Osborne 
Reynolds, who demonstrated that the two viscosities, physical and 
mechanical, result from a change in the character of the flow from 
that of direct parjillel to that of sinuous or eddying motion. 

To show this change in the nature of the flow when the velocity 
reaches a certain value, a long, hell-mouthod glass tube was immersed 
horizontally in a tank of water. One end of the tube passed through 
the side of the tank and was bent vertically d<nvnwardt> for several 
feet, being terminated by a stop-cock. By ])artially opening or 
closing this cock, the water could be made to flow through the tube 
-at any desired speed. Terminating oppol,ite tlio b(;ll-mouthed tube, 
and immersed in tlie was fixed a much smaller tube through 

which a highly coloured stroim of water xvrs discharged. W4tt:n the 
speed of flow was small, the vvjftloured steam passed through 
whole length of the oeK-moiithed tube as a perfectly straight line 
“TlWjiy rtf Lubricaliau,*’ Phil. Trams. ^ 188tJ, 1 :. 185. 
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(tig. 7). Wl^en, howtver, by oDoning the cock, the speed readied 
certain value, the bai^ of colour suddenly Urok^ up aird dispoloiired 
the whole of the Ikpiid. By the intermittent li^t of an electric 



spark, the mass of colour resolved itself into a scries of more ot less 
(listiijpt curls, showing eddies, as in tig. 8. 

A scries of experiments made it clear that so long as the flow 
remained dirc'ot and steady, the resistance varied directly as the 
velocity, but as soon as the (;riti(;al speed was reached the resistance 
becaine projioi tioiial to tlie square of the speed, or thereabouts, and 
sinuous motion w'as set up. The critical sjieod was found to vary 
directly as the vis(;osity, and inversely as the diameter of the tube 
and tlie density of the liquid. 

Altliough it is an (ixjieriiiien tally ascertained fact that there is a 
certain critical speed foi’ each size of tube and each liquid, below 
which the resistance varies directly as the velocity, and above which 
the resistance is proportional to the square oi the velocity, the 
reason for th(‘ change in the nature of the flow has yet to be 
satisfactorily ox[)laiiied. 

We have thus two essentially distinct viscosities; the wie a 
meoliauical viscosity, arising from the irregular motion of the ilufd, 
and the other a true physical property of the fluid depending in 
some ivay upon its structural peculiarities. Although the value of 
tlie physical viscosity determines in some measine which of the 
viscosities shall control the flow of the fluid, when the flow is once in 
accord a nct?^ with the mechanical viscosity the physical viscosity does 
not in any direct way show itself. Thus, when in i particular tube 
the velocity of oil or treacle is sufficient for the resistance to vary 
as the square of the velocity (^.«. for the liquid to flow^ with sinuous 
motion) the resistance is practically the same as it > 4 a)uld bo with* 
water at the same velocity, althougli the physical viscosity of water 
may be more than a hundred times less than that of the oil.^ 

The criti(;al velocity is rarely if ever reached by lubricating films, 
and when the lubrication is perfect, the resistance to relative motion 
is due to the physical viscosity of the lubricant. 

The possihyity of slipping at the boundaries, or of internal disrup- 
tion, must not be lost sight of. So far, no indication of this has 
been ptx-ceived, either in water or liquid lubricants, ever when the 
tangeiii/ial stresses to whicl^ they have been subjected in narrow 
channels have been as high as 0 702 lb. pen^uare inch.* * 

Determinations of viscosity made by Measuring the resistance 
offered to the motion of discs or cylipdefs immersed in liquids are, 
for the most part, unsatisfactoEy. l!i*such casc^ turbulent motion 
^ Osboine Reynolds, Phil, Trans.^ 1895*p.^53. 
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is locally, if not generally, sot up, and the rosults art/ misleading. 
B'or thiaceaso'ii sucli,,mcUiods of AieaSuring, orpttempting to measure^, 
the visctjsity needyot he referred to here. 

Effects of Temperature and Pressure.— With rise of temperature 
the viscosity of liquids decreases— sometimes vei^v rapidly. In 'this 
respect liquid lubricants differ greatly from each pthcr. Oils of 
animal and vegetable origin rebiin their vistjosiiies better than those 
of mineral (jrigin, but they all become very mobile with rise of tenf* 
perature, and lose, in a great measure, their lubricating value. Not 
only is it necessary, therefore, to keep a liipiid, whilst testing it, at a 
very uniform temperatun;, but the eftVict of varying tnmj)erature must 
be carefully observed. 

Viscosity varies also with iiressure, water having its viscosity 
decreased by this means. On the other hand, concentrated solutions 
oY comuion salt have their Auscosities increased by pressure, as Jias 
also oil of turpentine. No experiments, however, s<!em to have been 
made to ascertain the changes of viscosity which lubricating oils 
undergo wdien under great and varying pressui’cs. Such information 
would bp valuable, since lubricating tihns are frequently subjected to 
very cot.siderablc loads. 

Conditions determining Steady Flow. — The formuhe obtained for 
the flow of liquids through cajhllary tubes ojily hold good, as we have 
seen, so long as the flow'^ is direct not sinuous. When high pressures 
and qqmparatively short tubes oflarge bore are (iinployed, the li(piid, 
if hot very viscous, ceases to flow steadily in paths- parallel with the 
bounding walls ; the motion becomes sinuous, and the resistantje 
offered to the flow of the liquid ceases to be direc.tly proj)ortional to 
the velocity, T^ie length and diameter of tlie capillary tube, .ana the 
pressure wdth which a liquid (of given viscosity and density) is forced 
'through it, must therefore bo properly proportioned to eauTnather, or 
the physical viscosity cannot be oven approximately determined. 


Osborne Eeynoltls ^ has found that for tlie flow to be steady the product of 
Ahe mean velocity v, the radius of the tube and the density of the liquid p, 
divided by the Viscosity v, must — iu the case of a round tube — he less than 
a certain constant c. . 


*;»!?< 700 (27) 


This constant (700) is the same whatever .system of w’eights and measures 
})e adopted, for the divisor and dividend each involve the same powers of 
leimth, mass, and time. ^ 

When the value of c is less than 700, the volume of liquid passetl is, as 

already demonstrated, ’’’ . * 

' 8 na 


and the mean speed of flo'^ v-. 

€ « 


r(fH 8 riawTQH 
8ria t 



^ "Pltil. Tram., 1895, p. 149. 
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in (ujuaijion (27) t1ie|value of v in eiiiiati(^ (28) wt* luive, 

' * <im . * . (29) 

(ind** • (30) 

a ()- 

Unless the projMtrtioiis of the viscometer, and the }>hysieal projierties of 
Hu! li([uids used in it, he in accordance with the reqiiirenients of tliis 
ecjiiation, Uk* flow will he unsteady, and the true viscosity cannot be 
calculated. When absolute viscosities are desired, the viscometer should be 
desi^^ied so as to make* the value of c as small as possible. 

Eut sinuous motion, even when c is very much greater than 700, does not 
set in, as will he seen from lig. 8, immediately the fluid enters the tube. 
With tubes having ti'uinjiet-shajied orifices the disturbances appear and the 
flow be<*omes sinuous at about thirty diameters from tlie end ; but wheii the 
end is flat the disturbance^ approach the inlet end more closely. The flow m 
lujiilds in very short luhes is, therefore, free from eddies, even though the 
viMMisit} of the liquid, the diameter of the tube, and the rate of flow may be 
such as to make c greater than 700. In such cases, although the flow is 
steady throughout the tuhci for some distance fron* the inlet, the velocities are 
not such that the rate of <listortion is projiortion.d to the distaiiceft'rom the 
centre. Such sluirt tuhe." may, therefore, be used to ol)^in*(fomparative, but 
not absolute, visc.osities, even with very mobile Ihpims The conditions 
which determine whether the flow shall he steady or niisieady are often 
very coniple.x, for the stream lines may he jiarallel, as in tubes or between 
]»arallel surfaces; convergent, as in a conned mouthpiece; or divergent, 
as in the latter c<ise when the motion is reversed. • 

The circnnistiuices which conduce to a direct steady motion are — 
(rt) liigli viscosity or fluid friction ; {h) a free Kiirfacc^as in a fountain 
jet ; (c) solid converging boundaries ; and {(1) curvature, with the 
velocity gi'eatcst outside.^ 

The cif^iimstances which conduce to sinuous motion arc— (a) 
particular A'ariation of >’elocjty across a stream, i. when a stream 
flows through still water : {b) solid bounding walls : ^*) solid diverg- 
ing bouiidai'ics ; and (</) curvature, with the velocity greatest inside. « 

Energy of Flow tlirough Capillary Tubes. — AVhen*thc coefficient 
of viscosity is calculated from Poiseuille’s formula (2G), it is assumed 
that the character of Cho motion is the same at all sc'ctions of the 
tube, and that all the energy supplied to the liquid is converted 
into heat within the tube. But the coefficient so obtained is only 
approximately correct, for not only is there some resistance to the flow 
of the Ikpiid yutside the tube, but the steady condition of flow within 
the tiJbe is not^rcaclicd until the liquid has travelled some distance 
from the orifice. I'ho liquid, when it approaches the erittcal speed, 
often possesses considerable^ velocity, and an appreciable ayiount of 
energy then exists as kinetic energy in the isstling fluid. A.s this energy 
results from the pressure due to the hca^ liquid, a deduction dli 
thi» accoulit should be maefe if accuracy is. aimed at. 

Wc have, consequently, four* sources of ejroy^o consider and, if 

y Proc, Hoy id Inslitutiun^ 28 th Mai'cli l8l|4. 
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possible, to allow.for— (rt) external vjscous resistance in l5ie liquid at 
the endf^of flic tiioii; (&) abiioriilal conditionti of flow at inlet end ofc. 
tube ^ (fj) surface t|'usion effects at discharge orifice ^ and {d) energy 
of flow at point of discharge. No corrections have yet been devi,sed 
for Cl and h. 'J liey are small and become practicid'ly negligible w*hen 
the tube is long ; but when the tubes, compared with tjieir diameters, 
are so short that sinuous motion is not set uj), even when the value of 
c is much greater than 700, the necessary correction often becomes so 
large that the true viscosity cannot be calculated even approximately. 
Neithei’ can an allowance for d ))c made, for a state of equilibrium 
is not reached even at the end of the tube, and the energy of flow 
cannot be found. 

The third source of error (c), however, is of some importance, and is 
^^metimes met by so designing the visc^onieter that the dischnrge end 
of the cafiillary tube is always immersed in the liquid. An allowance 
on this head is difhciilt to make when the li(piid flows directly into 
the air from the orifice, for its value dejiends upon the curvature of the 
luluid surface .as well .as upon the .actual tension of the surface, i.e. 
upon tlio dimensions of the drops, or upon the form of the liquid 
stream and thc’su^ace tension of the li{|uid. 

The fouidh {d) is Jiiqiortant, and can be accurately determined when 
th(} tube is long and a steady condition of flow is set u]), for thei'e is 
no rcfison to suppose that any chuflge takes place in the distribution 
ofrnt’.'gy as the discharge orifice is approached. 


Correction for Energy of Flow. — That a correction for the energy of 
How is necessary waN pointed out by Hagenbach,! and his method of 
meaburing it hasifbcen very generally followed. Lately, however, Wilber- 
force'-* has demonslrated that the correction suggested by Hagenbach is too 
small, and that the true correction is furnished by deducting from the mean 

head, /t,a (juantiiy — where V is the mean wlocity of flow through the 

tube. A geometrical method of demomstrating this is shown in fig. 6, in 
^which the ordinal es of til e parabolic curve C,E, give the velocities of flow 
at any distance , from the centre line. If they he regained as rejiresenting 

the Slice, essive values (»f J , wlieie is the maximum velocity, then B^Ej i,s 
equal to unity on this scale. 

The curve CEj is plotted on the same .bcale to represent the corresponding 
values of ^ ; and finally the ordiimtes of the curve BjAC are made 

(v~) ordinates of BjD arc eipi^I on lh% same 


projiortioii.al to 


scale to 




2ir/'. 


Now, if we consider a tl^n cylinder of liquid of radius r, length a, a 
thickness T, its energy is ♦ ^ 

• c * ^9 • 

^ Pogg. A7in^lS60., cix. Phil, Mag., May 1891. 


and 
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and is, therefore, proporfional to t]i| area of the part ofcth^ curve B, AC 
iujluded between the corr^ponding ordinates. • • J ^ 

Hence, the total area of the curve B,AC is proportionfl to the energy of 
flow, and in the same way it cm\ be shown that BjC,D would be pro- 
porticBial to the energy of flow if the velocity were constant acro.s 8 the 
^ction. If the areas B^AC, BjCCj, be now measured up with a planimeter, 
BiAG will l)e fofind to be etjual to just twice BjJ)C,. Hence, the true 
eiuii’gy of flow is e(pial to twic-e tliat obtained on the assumption that the 
velocity is uniform all over the section. 


In this latter case, the C(UTeetion would evidently be - Hence the 
• ‘ 27 

true coiTection is - as shown by Wilberforc.e and otliers. 

When all the values re<iuiied for cale-ulating the viscosity by PoisciiiJIe’s 
•formula (2(J) are known, the deduction neeess^irv in the value of h is easily 
obtained, for ' 

V 

?!3ubsti tilting this value for v we obtain 


• (:ii) 




(:i2) 


ij^s an expression for tlm rc-ijuired correc.tion. 

Viscometer Proportions.— In older to oblain the value of n ivitb a(;( uracy 
it is ne(;essn.ry that the correction for energy shall he small- s/iy one or twd 
per cent. A formula for calculating this jicrceiitage is obtainell as foliww*: 


The energy correction being equal I/O- 
S' 


o 

Therefore, 


h : 




(f 

loop: 


ti(j 


: H)0 : % 


Substituting for r- the value from (28) 


(y4.r{^((- '* ' r)“a^ • 


Inlet End Resistance.- ft’li is disturbing factor has not yet received any- 
tliing like complete experimental treatment. 

Fig. 9 shows the inlet end of a capillary tube into wliich a liquid is 
nowing. The sjieed of flow everywhere decreases as we leave 
the centre line, and increases as the orifice is approached. The 
liquid is conseimently undergoing shear, both inside the tube * 

1 ^ resulting resistance must be 

^ded to^bat in ttie tube if we are to obtain the true viscosity * 

Tins resistance, and th.d, due to the abnormal conditions of * 
flow just inside the tube, we •may allow foi by somewhsdi 
increasing the length of a. Some experiments, %he results of 
which shall give when we come to deal l^ith practical 
viscqpietTy, and which were mdfle fdt the parpdse of calibrating 
viscometers having short capillary ^aibes, sfiow that when the Fjg. 9 , 
rate of flow is so slow that; the energy correction ft nfigugible 
the viscosity, calcpiated by Poiseuille’s fcruyila, is somer/hat’ grtiater than 
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cixperinient wjLh yQ.vy long tube-s prov^ it to be. •' The valife we obtained 
for wat^r at 20° using a viscdmeter with a* long and narrow bore, fia 
about 2 2 >er i;ent. gViater tlian that obtained by Thorpe and Rodgerd 

Plastic Priction. — Plastic substiuiccs, siicli as tallow, lard, c5ioist 
china-clay, (ite., differ from viscous fluids inasmuch as they require 
that the sliearing stress shall reaeli a certain value hd'forc continuous 
shear tjikes place. They can, therefore, permanently retain th«ir 
shapes when the stresses are unequal in different directions ; i.e. they 
can transmit stresses without undergoing continuous shear. Some- 
times the plastic yield-point is very low, and the substance behaves 
much as does a viscous liquid. A layer of lard, for example, placed 
between two smooth surfaces, which are prevented thereby from 
touching, recpiires the exercise of a definite stress to cause tangential* 
^motion ; but when once relative motion is set up by the action of a 
sufficiently powerful force, the resistance increases wdth each increase 
in the rate of shear. In the case of plastic friction, therefore, we 
have something corresponding to the static fri(,‘tion of solid surfaces 
in contact ; but whether the plastic yield-point varies with the 
pressure nor^^ial to the direction of flow (shear), or whether the 
resistance is projjf .tional to tlie rate of shear, is uncertain. 

The distinction between plastic or soft solids and viscous ones was 
clearly recognized by Maxwell.- Jde says : “ When continuous altera- 
tion^if form is only produced by stresses exceeding a certain value, 
tfic substance is called a soft solid, however soft it .may be. . . . Thus, 
a tallow candle is much softer than a stick of sealing-wax ; but if the 
candle and the stick of sealing-wax are laid horizontally between two 
supports in suilimer, the sealing-wax will, in a few weeks, bend with 
its own weight, while the candle remains straight. The candle is, 

■ therefore, a soft solid, and the se.aling-wax a very viscous^iid.” 

It is evident that the same substance, for instance, lard or tallow, 
may act when jn use either as a plastic lubricant or a viscous one, for 
at moderately high temperatures these substances melt, and may 
^ become viscous lubricants, i.e. true oils. 

At first sight it would seem that the resistance to shear offered by 
a plastic substance w’ould be so great that* it would be altogether 
unsuitable for lubricating purposes. But such is by no means the 
case ; indeed, at very low speeds the resistance to motion of a film of 
plastic grease is often smaller than that of an oil film, for the grease 
film is much thicker, and the rate of distortion is less. 

When two surfaces are forced together between w*hich fchWe is a 
plastic substance, the pressure or stress is transmitte*d from^point to 
point, shear takes place, and the intervening lubric?ant is expelled. A 
viscous' liquid under sqi:jh conditions is expelled until the bearing 
surfaces come into contin t, or the surface forces prevent further escape. 
Such, however, is not the bas(^if the'intAvening lubricant l3fe plastic, 

Vhif. Traiis.f vol. clxixv. A., p. 397. 

Thcitry of Heai^ p. 303 (1894 editiou), 

* • 
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for the noarJr the suf faces appi|)ach, the less tSe jheariiig stresses 
become, and long before i;he surfaces ran touch th' weacli tht^plastic 
yield point, and further flow ceases. ( 

are shown the experimentally ascertained curves of shear 
for plastic clay. H«!-e the surfaces All and Cl) are approaching each 
other without tangential motion. Tlie curves showing the conditions 
0 ^ distortion will be seen to differ remarkably from tliose of a viscous 
fluid, which take the form of parabolas (fig. 28, p. 07). 

1 'ufortunately, there is very little experimental data to guide us 
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hr5i’e, except such as is iiiriiished by the actual working of vehicles 
lubricated by greases. This aspect of the ipicstion <*,an be more satis- 
factorily discussed when we come to deal with the t’ of 'bibrica- 
tion, for, as we have pointed out, the actual resistaia*^! -Motion offered 
by oil and grease films depends upon their thickness, area, and the 
temperature produced by the friction, as well as upon the absolute 
viscosity or plasticity. 

Many of the greases used for lubricating purposes arc mixtuffe8%f 
soft solids and viscous oils or soaps. On standing, the oils sometimes 
separate out from the solids as minute globules, sin pended in a solid 
•matrix. When kneaded, however, the oil is sjireadtout and forms 
continuous films, which much reduce the resistance to shear. 



CHAPTER III. 


SUPERFICIAL TENSION. 

Lubrication and Superficial Tension. — Introductory . — Although 
Osborne Ileynolds ^ has proved tliat tlio results obtained by 
Ileauchainp Tower with perfectly lubricated journals were entirely 
due to /he viscosity of the oils employed, it has become clearly recog- 
nized by engk’cers that when the supply of oil is insufficient for 
perfect lubrication, and when 'the rate of friction is very slow, or the 
load excessive, lubrication depends upon other less generally understood 
and somewliat obscure propertiesj^' As a matter of fact, a lapiid may 
]i 4 W(k the re(j aired visposity and yet not be a lubricant. J. Veitcli 
Wilson states that t>ody or viscosity is not the -only property by 
which the antifrictional value of an oil is determined. The differ- 
entiating prinqple must, he urges, be attributed to some othei\. 
property. Thurston states that a licpiid, to act as a lubricant, must 
possess “enough ‘body' or combined capillarity and viscosity to 
'keep the surfaces between which it is interposed froii^coming in 
contact. ...” Although he does not substantiate this statement 
in detail, ther» is every reason for regarding it as true, if not taken 
^ too literally. 

To be lubriljants, liejuids and soft solids should feel oily or greasy. 
As capillarity, oiliness, groasiness, wetting, ^emulsification, etc., are 
eithfr wholly or in part phenomena resulting from superficial tension, 
this property will be dealt with at some length, so far as it seems to 
throw" light upon lubrication problems ; for the phenomena resulting 
from superficial tension arc among the most interesting and important 
that can engage the attention of either the cht'misfy or^ the engineer, 
and they manifest themselves in a great variety of tinfortu- 

nately, ihCi' values of many of the physical constants a knowledge of 
. which i^. required —-such as the thickne^ of various liquid filfijs wlMi 
spread over or between /.olid surfaces — have m^t in many cases ft'eeri 
iheasured. * ^ 

Lubricaiiny A'f/ms.— Whejik a glass surface is rubbed by a#wet 

Trans. ^ 1886, p. 157. 

Proc. Inst. Mech. Eng.^ 1884. 
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finger, care Slaving li?Jon taken |fco remove all gimsc^ the friction 
lietweeri the skin and the glass is very considerably If tlur surface 
be the edge of a wine glass, the alternate seizing ;(n(l freeing of the 
contact surfaces causes the glass to vibrate and produce a musical 
lote? Even such f^thick liipiid as glycerine, when the rubbing move- 
nent is slow, f^ils to keep the surfaces apart and prevent the glass 
rrom feeling harsh. A little grease, fat, or good lubricating oil will, 
:)n the other hand, remain as a fairly thick film between the surfaces, 
ind enable them to slip freely over each other, even at low speeds. 

\Vg may, therefore, take it that a film of pure water between two 
solid surfaces is so thin that it fails entirely to keep their asperities 
Trom interlocking ; whereas lubricating oils form films on such surfaces 
which succeed, more or less, in preventing the surface's from seizing, 
and so greatly reduce the friction between tliem. ^ 

In many respects, the property which some liipiid films possess of 
powerfully r(*sisting all attempts to reduce their thicknesses below 
certain fixed vjilues, and (jven, as we shall see, of preventing bubbles 
from bursting, is a most valuable one. It is evidently in no direct 
way dependent on viscosity, for many very viscous li((uids faiWiitirely 
U) form lubricating films. Nor is it measured ^}^ie superficial 
tension of the liquid. All we have a right to say is ’ that when the 
superficial tension of the lubricant is less than that of the solid, the 
liquid spreads itself over the surface of the latter, and when it has 
so covered the surface, its lubricating value depends upon the Rude- 
ness of the layer it foriiis, and the extent to which it resists efforts 
made to expel or extrude it. 

Soap (Buhhle) Filmx, — If the looped end of a piece df wire be dipped 
into a solution of soap and water and then removed, there will be 
seen stretched across the loop a thin diaplnagm of liquid. Such a 
film possesses considerable elasticity and strength, as may be proved 
by placing upon it a small moistened wire ring, .:nich it supports 
without breaking. In other words, the film resembles a sheet of 
indiarubber, some .force being reipiired to stretch or distort it.< 
Vernon Boys^ has described a number of very bcautififl experiments, 
illustrating the teusion,properties of such liquid films. He used for 
this purpose a mixture of 1 part, by weight, of sodium oleate, dis- 
solved in 40 parts of distilled water. When solution was complete, 
one-third of its volume of glycerine was added to the liquid, and the 
whole was allowed to settle. The liquid was then siphoned off from 
the injpuritien which had risen to the surface, and was clarified by 
the addition of*a few drops of ammonia. Films made of this mixture 
last a tcry long time, and very instructive studies of* superficial 
tSision* phenomena may be made by their means. Suc^^ filuis consist 
of two surface layers which have closed toother by the withdrawal 
of the j^ater from between J)heQ;i, and eaqii uayer is under the same 
deg!*ee of stress. The surfaces of all li^iids exhibit allied phenomena. 

Wetting of Solid Surfaces.-^A slip of c/aaw#g!ass dipped into a 
1 See p. 37^ “ PhU. Mag., May>888, p.409. 
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, oiKt then withdrawal, win be Vound to*havc a thin 
film of^water am aing* to it. ^riie film so .formed consists of twio 
surface layers, onlj in contact witli the air and the other in contact 
with the glass. In this case, the mass of glass {days the same part 
as the air in a bublile. if tlic plate be held verti'cally and partially 
immersed in a vessel of clean water, the external surface layer of the 
film on the glass becomes continuous 
with the surface layer of the water, 
and it will be observed that the water 
surface, wdiere it meets the sol’d, is 
distorted, as shown, exaggerated, in 
fig. 11. 

Here the surface layer of the li(juid 
in the vessel is in a state of tension, * 
the external surface layer on the raised 
glass plate is in a similar state of 
tension, and the two stresses arc acting at right angles to each other. 
To balance tlu'se tensions a small <juantity of water, shaded in the 
figure, iiv’ lifted abov<‘ the general level, and" the fi’eo surface becomes 
cui'ved. ''Idie’^roi^bt of the water or other Ihpiid raised is proportional 
to the supei’ticial tension of the vertical surface layer or film, which 
covers the glass and is in contact with the air, just as the load on 
a s{)ring-balanee is j)ro})ortional t<#ihe stress on tlu5 spring, 
cTlv superficial tensions of different licpiid surface films vary very 
consid('rably, that of mercury being greater than that of water, whilst 
the superficial tcnsioti of the latt(*r is greater than that of oils. 

StahHity of Films.- cry little is known concerning th(?*j> 

thickness or viscous j)roperties of liejuid films, other than can be 
gathered from friction phenomena. For example, the ('xperiments 
of Thurston 1 on the static friction of surfaces lui)ricatecl wdth lard 
oil and sperm oil would seem to prove that although the former 
is nearly twdee^as viscous as the latter, the lard oil gives the smallest 
»coefficient of friction, and therefore must form thc.tl'ickest lubricating 
film. *' 

A difFcrence has also been noticed in tlfe relative stability of 
bubbles blown with different Ikjuids. Pure w’ater, for example, will 
not form permanent bubbles — the film rapidly gets thin in places and 
bursts, owing to the superior tension of the surrounding parts. On 
the other hand, when soap is added to the water the film refuses to be 
reduced to a thickness of less than twelve millionths ofi a mill^etre, 
for with decreasing thickness its strength increases. •This minimum 
thicknesiij bf a soap film is sufficient to prevent polished Surfaces 
;^eparat^ from touching each othef’ except at a few point i ^iTd, 
therefore, constitutes it4i lubricant. 

R^inold and lUicker ^ l^ive studied tlje properties of soup 
with great care. When firsts' formed, the surfaces enclose a ^on- 
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siderable voiiime of ifquid whicJ dwes not in an;^ way aff-lbt the 
ttnsion of the surface layer, and when this portion 'A the liquid has 
drained away, the film remains at a constant thickness of about 
twelye millionths of a millimetre. At this the surfaces may bo 

considered to have dlosed together, and the ft 1ms look black all over, 
for they reflect* very little light and have ceased to show Newton’s 
rjpgs. The stability and uniform thickness of these thin films indi- 
cate that, when a certain minimum thickness has boon reached, the 
tensile strength increases and prevents rupture. 

Th» majority of even very viscous mineral oils are deficient in 
oiliness, for they do not form films sufficiently thick to keep the 
static friction as low as can he obtained by using animal or vegetable 
lubricants. This has led to the manufacture of Mdended ’ and soap- 
*thickcned oils. The former are mixtures of mineral with animal and'' 
vegetable oils. The latter contain metallic soaps, which are supposed 
to act by increasing the viscosity, but which may have the same 
effect upon mineral oils as on water, i.e. they may cause them to 
form thick lubricating films instead of thin ocos. 

Experiment only can determine whether the lattei ’uixtures are 
really useful ; the substances added arc not always adulterants, but 
rather ingredients added for the puri)osc of conferring upon the 
lubricants properties in which they are deficient. 

Theory of Superficial Tension. ~ Attradion.-^Somo 

reasons have already been adduced in support of the view that the molj- 
cules of solids jmwerfully attract each other when brought into close 
jiixbi position. This is equally true of the molecules of liquids, which, 
in spite of their fluidity, require the expenditure of a considerable 
amount of energy to sej)arate their molecules completely. At sensible 
distances the attractive forces between molecules arc inappreciable, 
but when the distances separating them become ipfinitesimal the 
forces become extremely powerful. It has been computed that such 
attractions become perceptible when the distances separating the 
molecules are reduce] to , millimetre ((Quincke). , 

Berthelot found that water could sustain a tension of about 50 
atmospheres, a{}plied directly, and the phenomenon of retarded ebulli- 
tion, described by Dufour, helps to confirm this view. In a vessel 
containing a mixture of linseed oil and oil of cloves, the latter observer 
immersed drops of water, wliicli were still seen to be swimming about 
after the temperature had been raised to 356* F. The pressure of 
riqueous*vapouj^ is, at this temperature, nearly ten atmospheres, or 
about 147 lbs. peji square inch. Hence, the cohesion of the we ter must 
be able to support a U osion of at least 132 lbs. per S(]uare inch. In 
these, experiments, the water wsBk carefully freec^from dissolved air, etc. 

hitetiHitfj of Molecular Stresses. — Evaporation or boiling may be < 
regarded :iS a process in which the cohesive forces of the molecules of 
the liquid have been completely overcome, the heat rendered latent 
being a measure of these forces. This view Lord*Rf^igh ' regards as 
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subst/\ntiallK sound, and he ca]culLtes that, on this hypothesis, the 
cohesive force o/t' VJ atei*^ is 25,000 atmospheres. ^ 

Lord Kelvin Kas pointed out^ that the experimentally ascertained 
attractive fon^es are millions of times greater than would follow Jrom 
the law of gravitation, on the supposition that* matter is perfectly 
homogeneous ; but as wc know that matter is noL ])erfectly homo- 
geneous, by postulating sufticient heterogeneity, the attractive forces 
may be accounted for without assuming any attractive force otlicr 
than that in accordance with Kewton’s law. 

It is admitted that, as there is every reason to Ixdieve tli/it the 
atoms and molecules never come into actual contact, this attractive 
force, which is operative over a limited range, must be balanced by 
a repulsive force of suitable intensity, operative over a different 
range ; consecpiently, the molecules approach eae.h other until theil 
attractive and repulsive forces arc in e{piilibrium. 

(Jondition of iStirfare Molendcs . — It is clear that the molecules in 
the interior of a licpiid are attracted by other moh'cules on all sides. 
On the other hand, the molecules at or very near the surface are differ- 
ently situated, for the attractive forces are then by no means ef[iial 
in all directiDliv^- In other words, the molecules at or very near the 
surface have theii attractive"" forces only partially satisfied, and the 
unbalanced stresses are constautl} tending to reduce their number 
and, therefore, to decrease the^irface area. Any ima-ease of the 
iflarKice area involves, an increase in the number of molecules whose 
attractions are not satisfied, and to effect this, force must be exerted. 
We thus have all liquid surfaces tending with considerable force to 
contract theii-r' areas, and exhibiting the phenomenon of sujicrfioiyl 
tension. The resultant effect of the mutual attractions between 
different jiortions of a fluid really gives the same result as would be 
obtained if the Ikpiid were “absolutely deprived of the attractive 
forces of its molecules, and its whole surface were coated over with 
an infinitely Contractile film, possessing a uniform contractile force.” ^ 
This is a convenient way of explaining the fact that a mass of liquid, 
left entirely to the action of cohesive forces, assumes a spherical 
figure, but it is important not to lose sight of the fact that the 
splierical form is the result of an endeavour of the particles to get 
as near to each other as possible. 

Liquid, Interfaces . — But even when we have the surfaces of two 
different liquids in contact, the molecular stresses may not be com- 
pletely satisfied, for the ranges and intensities of the attractive and 
repulsive forces of the two kinds of molecules mayjbe very different. 
There, consequently, remain unbalanced forces, and the interface is 
in a cendit^on of strain. t ' 

Lord Kelvin, who ^.arried out a number of experiments oVi the 
behaviour of dissimilar Ik piids wdie^ im contact, found it ^nvenient 
to employ carbon disulphidic and a solution of zinc sulphatej' as no 

^ Popular^ in4tUrcs and Addresses, vol. i. p. ftO. 

? liQ\ym,J^opuiar Lectures and Addresses, vol. i.,^1891, p. 16. 



immediate cliemical or physical action results on l)ringii^ such 
liquids together. Additional advantages arete from the fact that 
carbon disulphide assumes an intense violet colomtion with iodine, 
whioJi enabled observations to be more readdy noted ; while the 
zinc sulphate solution could be adjusted to any re(]uired density. 
When both 1i(fuids were of the same density, it was found that 
globules of either suspended within the other .assumed a spherical 
condition, as the result of . the tension developed at their surfaces 
of contact. 

Miw.‘ihUify of Lvjuith . — At present, our knowledge of the condi- 
tions which determine wliether two giv(;n li(]uids will difl'iise into 
each other, or remain apart, is very limited ; indeed, a knowledge 
of their comparative surface tensions affords us little or no help in 
*this din'ction. Two drops of mercury, for inst.ance, have the same^ 
surf .ace tension. The tension, however, of th(‘ junction surface 
between two drops of clean mercury is zero, .and tlmy unite to form 
one drop. Many dissimil.ar li<piids, on the other hand, which have 
very dillereiit surface tensions, will also diffu ai into each other and 
mix in all proportions. ^ * 

Marangoni states that in all (5.ases in which Ii<j'».»a*s do not mix, 
that possessing the smallest surf.acc tension will spread over the 
one which has the greatest. At one time 
water and mercury were suf)posed to be (‘X- 
ceptions, but it has been shown that water 
will readily spre.ad over a mercui’y surface, if 
the Latter be chemically clean. Idiis subject 
''as eng.aged the attention of Lord Rayleigh,^ 
who concludes that the interfacial tension 
between any two bodies is proportional to 
the S(piare of the difference of certain values, p>'culiar to them, 
analogous to density in the theory of gravitation. 

Thus, HUj)p(we we liave three flnid.*^, the interfaces of which meet .along 
a line perpendicular to the paix*r (sc<*- fig. 12). Making Tj,«fro, and T3 the 
interfacial t»;nsions, and denoting the pro])crt3'^ analogous to fleii.^sity hy er,, 
(Tg, and 0-3, then, according Lord R.ayleigh, 

T^oc (.r3-,r,)2 (1) 

T?oc (2) 

(3) 

It wi]J he foijud that whatever the three respective values of er in the 

above expressions, the interfacial tension Tj between the liipiids of greatest 
and least 'density' will always exceed the combine<l tensions T, ?lna T3 of 
the other mterfaces, and iliat, com^quently, the liquid of intermediate tension 
will always he drawn in between those of greatest^nd least sufface Tension. 

This theory has aii irapori^nt bearing upon diffusion phenomena, 
for wtien two miscifde liquidi^'are brouglft into contact the interface 
immediately disappears, and there is substitute^i fi^^t a thick layer, 

' “ Theory Surface Forces,” P/iiV. Mag.^ Dec. 1890, p. 403,» 
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across V;bich' the ^valuc <r eluingcc gradually from that of^'one liquid to 
that of the other/ According to this, the whole force due to the 
surface tension of any two miscible liquids in contact may ho con- 
sidered as distributed over the space in which diffusion is tj^king 
place, and, as the number of contiguous layers may be regarded as 
infinite, the force between each layer becomes infii'dtely small, and 
it has been shown that the sum of the forces must be zero. ^ 

tSa 7 ‘fare Tem^ion t>f Solids. — It was not until the surface tension 
phenomena of solids were recognized that the theory assumed its 
present form, for it will at once be seen that the above appliesffo the 
surface molecules of solids as well as li^piids, and also to the molecules 
at the bounding surfaces of solids and li(]uids, even when in contact 
with gases. ^ 

In solids, as in Ihpiids, tlic molecules attract each other powerfully, 
and the surface molecules arc in the j)eculiar condition of liaving the 
stresses ari-anged differently in directions paralkd to and normal to 
the surfaces. The surfaces of solids must, there fm'c, be in a state of 
tension ; but, in their case, the stresses are not sutficiently powerful 
to produce rv‘;dily perceptible deformation of the mass. Very viscous 
liquids, such as'fU' h, do show4»he reality of the stress, even when the 
liquids arc so viscous that they act very much as solids do ; for, in 
the course of time, they round off , their sharp corners and show all 
t^hc peculiar surface tension phenmnona of mobile liquids. A piece of 
giass^ having sharp cutting edges, when heated rounds off its corners. 
It would scarcely be logical to argue that superficial tension only 
comes into existence the moment the .solid is softened by the heat. 
Rather must we consider that the surface was in a condition of ,stre«.y 
before the glass was heated, but that the tension only showed itself 
. when the mass ceased to be rigid. 

Beilby,^ by microscopical methods, has demonstrated the existence 
of surface tension in solids. He found that when a surface of even 
such a brittle substance as speculum metal was rubbed with fine 
emery cloth,, the ridges and grooves so formed all Lad rounded edges, 
and that by polishing with leather the material forming the ridges 
was easily caused to flow into the hollows; producing an optically 
good surface. From the manner in which licjuids spread over solid 
surfaces it is clear that the surface tensions of the former are much 
less than those of the latter. Taking a surface film of water as 
having a thickness of six millionths of a millimetre and a tension of 
73 dynes per centimetre, the stress of such a water film an -.founts to 
about 0'^^ ton per square inch. It is probable thsrt in tb*) case of 
a solid the tension is so great that the surface is caused flow at 
' all cd^es aiid corners,, and that therefore, as Beilby found, un edge 
* comparable with moleivdar dimensions is an impossibility, 

dimtact between Lviuut^ and Solids.-^ The behaviour of liquids and 
gases in contact with solids^is really in accordance with theoi’jr, A 
particular liquid "dtSes* not, for instance, act tow/irds all solids in the 
^ “ The Surfaflfe Structure ef Solids,*’ »/owr. Soc. 1903, 1136. 
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same way. **iVater wifi wet and tpr^jad over a clean sb^et oi glass, 
Ifnt when a droj) of water is placed upon a slAet crf kdid paraffin wax 
it draws itself up into a bead. Mercury will nqt wet any known 
solid with which it does not amalgamate. From this we conclude 
that mercury has a Jireater surface tension than glass, and that water 
has a Hurfaco t«ision greater than that of paraffin wax, but less than 
tj^at of glass. All lubricants have surface tensions much smaller 
than those of tlic iiictallic surfaces to which they are aj)plied : they 
consocpicntly spread over them and wet them. 

Alkioiigh, according to Marangoni and Laplace, three fluids cannot 
rest in contact, yet if two liejuids and a solid be brought together, the 
latter being a body of intermediate surface tension, neitlior of the 
liquids can spread completely over the solid, for the tension at the 
^interface between the solid and any one of the li(puds can never, 
exceed that at the other two. 

Fig, 13 illustrates this. Merc the solid has a Hat surface, and 


^3 


T, 



f2 
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Fig. 14. 


against it rest the li(|uids q-j and o-g, the former having a smaller and 
the latter a greater tension than that of the solid. long as the 
magnitudes of the surface tensions arc thus distributed, then Tj (the 
interfacial tension between the liquids of greatest and lefist ‘ density ’) 
is greater than the sum* of Tg and Tg, and the point of meeting is 
drawn along tlie suMace of the solid until Tj assumes such an angle 
with the solid sin face that the forces are in equilibrium. It will be 
noticed that the tension is tending to wrinkle the solid surface and 
draw it between the two liquids, so as to arrange the three bodies in 
the orrier of tlfeir surface tensions. 

When a liquid of high surface tension, such as mercury, is resting 
upon a solid of lower r ui fare tension, such as glass, although*the liquid 
doep not spread over the solid^and tvet it, there is really y. close union 
of the two masses, which can only be parted Jiy the exercise of force 
or the /•nterposition of a Jiipyd of intermediate surface tension. 
Inddbd, so close is the contact of merci^ and glass that the vacuum 
in a barometer remains unaffected for years. 

Fig. 14 illustr^ytcs the conditions obtaining in a tube immersed in 
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mcrcii^. H»ere T., is so miichi more powerrtil than Vj that the 
mercury surface isldepi^esscd until T.j makes such an angle with the 
surface of the solid that Tj and T.j together l)alance IV 

When oils and water ani brought into contact with metals^ the 
li(|uid of least surface tension is not of necessity eakily displaced by the 
Ikpiid liaving the greatest surface tension, for everjfthing depends 
upon wliioh licpiid touches the metal first. Thus, if the metal l?e 
made perfectly clean, and then dipjjcd into oil, water cannot penetrate 
between the solid and the lubricant, for the metallic surface has become 
so contaminated by the oil that it behaves as though it were a«^ solid 
surface of smaller surface tension than water. On the other hand, if the 
clean metal he first wetted with water, the oil, bedng the lirpiid of least 
surface tension, cannot displace the water, unless aided by mechaTiical 
‘action, ^rius reasoning accords well with what is known concerning 
the action of water in steam cylinders, for when copious condensation 
takes place, and the water cannot get away freely, efficient lubrication 
is almost an impossibility. This, of course, does not apply to cloudy 
steam im[)inging upon rubbing surfaces. In such a case each minute 
drop of watc^^^may be covered by a pellicle of the lubricant, which 
necessarily reactf-s the metallicr surface first and lubricates it. 

The readiness, however, with winch solid surfaces become con- 
taminated by many substances, jpd the difficulty experienced in 
cleaning them again, is satisfactorily explained by assuming that the 
si^rfaVse molecules exert a very considerable attractive force on sur- 
rounding matter. Indeed, freshly formed solid surfaces at oncse 
cattach to themselves from the air an exceedingly thin coating of 
moisture, which is in a few hours replaced or supplemented by tv 
layer of grease. Such contamination films are probably not always 
eon tin nous sheets covering the surfaces and separated by an abrupt 
line of demarcation from the solid, but mixtures of liquid or gaseous 
molecules with the surface molecules of the solid. 

Although fjord Rayleigh ’s theory concerning the comparative 
intensities of,, the surface tensions of liquids and solids serves to 
explain very clearly some of the most striking surface tension 
phenomena, it must not, as he says, be follewed too far ; for there 
still remain numerous })henomena which it fails to exjdain, or is even 
in apparent conflict with. However, even if the hypothesis is too 
narrow to accoixl with all the facts, it illustrates clearly the main 
points with which we have to deal. 

Circumstances which modify Surface Tension. — Temper -iiure , — 
Tf a thin^film of oil be spread over the upper su:^ace of a metal 
jjlate, and a hot iron be caused to touch the underside, the^ oil will 
shrink away *»from the lijcated s})ot and* leave it almost clean. Tliis 
js caused by a decreai^v in the tension of the heated oil surface, 
and tlie consequent drawii^feg away of «thei oil by the cooler siarround- 
ing film. •* 

It appears th^f^vith rise of temperature the surface film tensions 
of all liqMids diminisli, and Jess energy is rccpiired^to separate their 
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molecules. ♦I’hus, ill convertiiijy wa^er into steam at 2J2‘* F.^ 965*7 
Units of heat per lb. are required, whereas at ^7 r>*l'. 649 0 suffice. 

Owing to this n'eduction of surface tension by hgat, the oil film on 
a heated bearing is drawn away from the rubbing surfaces by the 
greater superficial tJliusion of the film on the surrounding cool parts, 
and the lubrication becomes more and more defective as the bearing 
g^ts hotter, owing to the creeping away of the oil, as well as to its 
lessened viscosity. 

— We have hitherto referred to the conta(;t surfaces of 
dissimilar li(]uids, gases, and solids as though they really were sharp 
surfaces of demarcation between the opposing molecules of the media 
in contact. Such, however, ds not the case, for many liquids are 
parfi(fJhf, if not wliolly, soluble in each other. Ether, for instance, 
dissolves in water, but when more than one part of ether is added 
to ten parts of water the excess of ether remains separate from and 
insoluble in the aqueous liquid. Similarly, ether dissolves about three 
per cent, of w^ater. The inter facial siirfrce between mixtures of these 
liquids does not, therefore, separate ether bum water, but rather 
abruptly separates mixtures of the two li(|uids from each oth*r. 

Contamination of Liquid Surfaces.— Jjord ]tayleigJ'.'5lS Miss Agnes 
Pockels ^ have shown the remarkable eliects that oven traces of 
foreign substances exert upon the surface tension of water. It is, in 
some measure, this marked action of traces of impurity which makes 
experimental work on surface tension phenomena so difficul#^ a«d 
which pla(!es such obstacles in the way of the practical application 
of our present knowledge. Miss Pockels used a rectangular trough 
70 cui. long, 5 cm. wide, and 2 cm. deep, filled wifti water to the 
brim. A strip of tin, about 1-^ cm. wide, w^as laid across it at 
right angles to its length, so that the underside of the strip was in 
contact with the surface of the water and divided it into two 
portions. Piy moving this partition, the surface are.« could be varied 
to any desired degree. Tlie surface tension was mcfisured by the 
force necessary to -ieparatc a small disc from the surface. A per- 
fectly clean surface was obtained by placing the tin pfirtition at one 
end of the trough and drawing it across the surface, thereby sweeping 
off the contamination. Such a surface retains an approximately 
uniform contractile force, however much the partition may be moved 
and the area varied. Or the other hand, a strongly contaminated 
surface was found to have a variable surface tension. 

The# effects* of contamination films may be shown by sprinkling 
upon a c^ean s irface of water lycopodium grains or other suitable 
powder. 4’he water surface, if touched by a needle whicTi has been 
dipned in oil, will at once* become contaminated, ai^d the effect 
produced by the spreading of the oil over *uhe surface is as though 
a }'ole,»had been pricked in tlie film, for the dust-covered surface 
dra^s rapidly away from the oiled tlbritre and crowds the dust 
particles tow'ards the edge of the vessel. A <dr<jpyof alcohol allowed 
. 1 Nature, vol. xfiv. (1891), p. 437. 
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to clo^ly aj^roacli or touch thp water surface weaken^ the tension 
of tlie film in a ^imilar^ manner. 

To slioAV how greatly the surface tension of water is altered by 
a trace of oil, a light rubber ring may be floated upon a plean 
water surface. Tlie tensions of the surface film being the same 
inside and outside, the ring, by its elasticity, assumes^i circular form. 
On bringing a little oil into contact with that portion of the wat^r 
surfa(U) outside the ring, the surface tension is diminished, and the 
superior tension of the internal film then distorts the ring or even 
causes it to collapse completely. * 

Solvent Power of Surface Films. — There is reason to believe that 
the solubility of licpiids, and also of gases in liquids, follows different 
laws in surface films, whore the molecules are in peculiar conditions 
•,of strain, than it does in the interior of liquids. * 

This may be shown in many ways. For instance, a thin disc of 
camphor so placed that it is half immerst'd in clean water will, in 
the course of a few hours, he cut through by the superior solvent 
action of the surface film. In some cases the action is reversed, and. 
the imuis of the liquid displays a greater solvent power than the 
surface layor^%**r,p ^ 

The superior solvent power of a water film over the mass of the 
liquid has been shown by Dupi-e &ud Kayleigh, who found that, at 
the first moment of their formaxion, surfaces of soapy water have 
hwdhy less tension than pure water, but that the molecules of the 
dissohed soap gradually collect in the film and greatly modify its 
properties. 

This concentl'ation of the dissolved substance in the surface, fib^’ • 
also takes place when the interface is one separating a solid from a 
liquid, for it has long been known that vinegar can be partially 
deprived of its acid by filtration through pure quartz sand.^ Potato 
spirit, if filtered through clean sand, passes water first, then alcohol, 
and finally alcohol plus fusel oil. 

, Gore 2 made a number of interesting experimentt. on the behaviour 
of various ufjueous solutions in contact with finely divided silica. 
He found that, on agitating dilute soJutionr of acids, alkalies, and 
salts with this powder, and allowing it to subside, the solid in many 
cases abstracted as much as 80 per cent, of the dissolved compound. 

This concentration of a dissolved substance on the contact surface 
of the li(juid with the solid enables a lubricant to be applied with 
ease, and without serious waste, to the friction surfaccK/ of hydraulic 
machinery. The more or less soluble lubricant,, usoaUy soft soap, is 
added to 'the water before it enters the pipes, and then, ‘oy con- 
^centratiug upon the rubbing surfaces, »!ubricates them and ’greatly 
reduces the friction and wear. 

' Surface Energy. — Proportional to ^ur/cce Area . — As any increase 
in the area of a surface inv^rlves the expenditure of work, anQ as 

* Grx/'iifi^HSHandbook of Chemistry^ vol. i. p, 114. 

■' CHnm. Tictvsj, vol. Ixix. p. 22. 
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cither iiierelse or decfciise in tht^ value of the teirsion of,!i sur^e pro- 
duced by its closing upon another surface, orloinftig into contact with 
a contaminating substance, alters the work such a j^urfacc is capable of 
doi^g, each unit of area of such surface represents so niiich available 
energy. Indeed itPacts like a stretcJied slicet of rubber, wliich can do 
work by ccjiitracting. We must, therefore, regard the total energy 
of a body as not being solely due to its tempeu-ature and its volume, 
but as also depending to a certain extent upon the area of its surface. 

The separation of a drop of any liquid into two or more parts 
can *only be accomplished by the expenditure of work, for the 
volume of a sphere is proportional to the cube ()f its radius, whereas 
its superficial area is only proportional to the s(piare of the radius. 
Tims, the finer the state of division of the li<|uid, the greater the 
superficial area in projicrtion to the voluim*. The total energy of » 
liquid is therefore increased ]»y breaking it up into separate drops, 
and the total energy of the mass must include this enei'gy as well as 
that due to its teni])erature and volume. A given weight of steam, 
which is water broken up into separate mole rules, has therefore more 
potential energy than the same weight of water in its limiid ptate and 
at the same temperature. 

bhnuhiom, — I’imulsioi s are generally composed of gelatinous or 
oily liquids suspended in the form of exceedingly small drops in 
other liquids into which they neither diffuse nor dissolve. Generally 
speaking, the individual globules may be' clearly dibtinguished*un4er 
the microscope, as in the case of milk. In some instances, each liquid 
particle is surrounded by a film separating it from the liquid in which 
’t flq|its. t 

In other cases, when emulsification takes place, the liquid forming 
the matrix has had its surface tension so altered by the introduction 
of a third substance, or is naturally of such a neturc, that its film 
resists rupture and prevents the coalescence of the urops of oil. 

Cause of Weltimj . — Gore showed that when finely divided silica is 
introduced into wafer, or into an aqueous solution of any salt, a riset 
of temperature results. In this experiment, a surface between air 
and silica is exchariged for one between the liquid and silica. As 
water spreads over silica and wets it, the surface tension of silica 
must be greater than that of water, and that of the interface between 
these must have some intermediate value ; consequently, when the 
water replaces air, a liberatiori of energy takes place and the tempera- 
ture nises. (itlur effects, resulting in a liberation of heat, may of 
sourse be produced as w’ell. 

We tnus see that the reason why lubricants may be ^read over 
solids and caused to wet ♦he whole of their surfacq^ is •that the 
liquids haA^e lower superficial tensions tha^ the solids, and the wet 
Qonditji^n is the one of leasts potential enei^y. ** 

i? clean glass rod dipped into nlircury, water, and oil gives 
s^ery different results. The relative surface^^fl^ons of the liquid 
ind solid are n^t such as to enable the mercury to adhere to the 
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glass Jlb‘rmaiiently. As pointed out previously, the nSercury and 
glass do adhere, hiit tile mercury is drawn off by its weight and 
strength of him. Jt is otherwise with water, the smaller superficial 
tension of which causes it to spread over the glass, which remains 
wetted when removed from the liquid. When tile dry glass rod is 
immersed in oil and is then removed, the oil, like the»>vater, remains 
on the glass, hut as a thick instead of a thin him. The reason why ^ 
larger volume of oil than of water adheres to the rod is that the 
viscosity of water is small, whereas the oil is very viscous and flows 
much more slowly. iSutticient time being allowed, both oil and v'ater 
run off and leave very thin hlms on the glass. 

Capillarity. Mise m Tubea . — Although this is merely a 
striking manifestation of superfleial tension, it is commonly known 
^s ‘capillary attraction,’ having in the hrst instance been studied in 
connection with capillary tubes. 

W’hen experimenting on capillary phenomena, care should be taken 
that all the tubes, etc., employed are quite clean. If the surfaces be 
chemically clean, and the liquid ex])erimented on possesses a smaller 
superhei?;! te^jsion than the solid, the Ihpiid will at the moment of 
contact with tlft^ijsJid rise airrl wet the whole of its surface. As, 
however, a clean tube may quickly become soiled, it is better, after 
cleaning the tube, to at once moif^n it all over with the liquid to be 
experimented on, and thus to ensure that the effects shall not be 
interfered with by atmospheric impurities. 

When a tube which has thus been cleaned and moistened is dipped 
into a beaker of water, the liquid rises rapidly in the bore and may 
reach a height 'of an inch or more. When this takes place ^in v 
moist atmosphere, the whole of the surface of the tube, both internally 
and externally, is covered by a film of water which is (jontiniious 
with tlie water in the beaker. On the outsiue of the tube the vertical 
stress of the him raises a small ring-shaped mass of water above the 
general surfaci? level, tlie weight of which just balances the tension 
^f the film. On the inside of the tube the tensior. of the film cover- 
ing the walls rif the bore draws up a long column of water, which 
also balances the tension of the internal surface film and is a 
measure of its pull. Hence, the height to which the liquid is drawn 
up in the tube varies inversely as the radius of its ])ore. 

But in order to secure the rise of a liquid (tolumn above the 
general surface, it is by no means essential that a. tube should be 
used. A few parallel lengths of wire held so as to enclose a* small 
space will also produce the same effect. ^ 

Fig. 15 is an enlarged section of four parallel wires wlljch dip 
vertically int<j the Ihjui^. Between tliijse wires superficial tension 
surfaces form, and funn^ai walls which act miuh as the walls of a 
rubber tube would, con^eit-iii^ the l)*^Lndi^t of wires into a t 4 ?be up 
which the liquid rises. ^ • 

Flow through worsted thread or a lamp wick is really 

a similar •contrivance, and, .as the strands are ver^?’ fine and close 
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together, the liquid often rises several inches.| So long as theiCrface 
tension of the fluid is less than tliat of the material of which the wick 
is made, and therefore wets it all over, the li(|ui(]» column rises to a 
hcigjit proj)ortional to tlie surface tension of the fluid. When such 
a partly immersed* wick hangs down outside the vessel containing 
the liquid, if Ac lip of the vessel be not too high, then the wick 
qjmstitutes practically a number of small siphons, through which the 
fluid flows. In siujh capillary passages the flow is steady, and 
the volume pass(‘d is directly proportional to the head and inversely 
prop«7-tional to the length of the wick and tin; viscosity of the fluid. 

k"ig. 16 shows such a case. Here the height h of tin', column 
producing the flow is nuiasured from th(‘ surface of the vess(‘l to the 



Fig. 15. 



end of the wick, whilst the length a of the wick gives the length of 
the (japillary passages. 

I^^*(jm Poiseuille’s formula for the flow of lapiids through capillary 
tubes (see p. 'I'l) we find that the volume pfissed in t stcouds is 

* = • 

the value of (j varying with changes in the size and te.xture of the 
wick. 

It must be remembered that in the case of siphon wicks tlie walls 
of the passages along which the liquid flows, (jonsist partly of liquid 
surfac#s. Consequently, as soon .as the suction at the top of the 
siphon becomon too gre^at for the surface tension to balance it, 
owing fo the fall ot the surface in the reservoir, the liquid walls 
ccfllapse', air is drawij betwceifthe strands, and siphoning>coartcs rather 
suddenly. On this account, the above forl\5|ila does not hold if the 
long ‘J^‘g’ of the wick shoi#ld^all so low* that the weight of liquid 
in if can of itself distort and rupture tile exteKial film. Strands of 
worsted consist of rather coarse fibres, and cai/owlj^be depended upon 
to raise the liqi^d over a lip rising aboyt 1 J inches above»the liquid 
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surfacl!% When more powerful .lifting action fs re(piire(f, as in lamp 
wicks and the straiftls uted to supply lubricants to railway axle pads, 
cotton pleated very finely is used instead of worsted. 

All such wicks, pads, strands of worsted, etc., when exposed to, the 
air, .absorb moisture and other subshauces. Oil •will not, therefore, 
flow freely through them until they have been well tlried and then 
wetted with the liquid in which they are to work. The volume (^f 
lubricant such wicks will supply depends, as we have seen, not only 
upon the superficial tension or capillarity of the liquid, but also iipon 
its viscosity, 'i'he height to which it rises increases with the wiper- 
ficial tension and the fineness of the external mesh of the wick. 


Measarement of Surface Tension — Thf Fnnr to he Mca^ntred. — We 
Jiaveseeii that the surfa<es separating solid, liquid, and g.ascoiifl substances i 
from each other are in a state of tension, and that tlu* magnitude of this 
tension varies with the nature of the substance or substances in contact, or, 
when the surfaces are not clean, with the nature and extent of the conta- 
mination. Such surfa<‘(*8 act like strehdied sheets of indiaruhlier, Imt the 
tension is always the same in all directions, and when not contaminated, has 
the same^'^alue however much the film may he extended. 

In fig. 17, he a stiff wire frame upon which the cross wire FQ 

slides freely. IritTic area enclosed by the ware is a liipiid film, a measure of 
the tension of which is reipiired. This him, it will he remembered, consists 
of two teiilion surfaces which pass round and 
gi’asp the wire frame and slider on all sides. 
The two surfaces are separated from each other 
and from the surface in contact with the wire 
hy an inactive liquid layer of variable thickueas. 
The active liquid surface layer which produces 
the tension effects has a thickness of ahoi^t six 
millionths of a millimetre ; the water layer 
enclosed may he a hundred or more times 
thickci than this. To prevent the elasticity of 
cross wire PQ towards BO, a force F must he 
If T be the superficial 
CJl), then, as there 



the film from drawing the 

maintained, actilig in the direcion of the arrow, 
tension aiul h the distance .apart of the wares BA aqd 
ire tw’O surfaces^ to the film, separated hy liquid, 


F^2Th. 


Cajnllary Tube - -The uietlnxl which lias usually been 

adopted for measuring the superficial tension of Tupiids is by ascer- 
fainiiig the height to hich they rise in capillary tulies. The degree 
of accuracy obtainable is limited by («) the iiarrownesii of th(^ tube, 
{h) irregularities in the bore, (r) the shortness of the plevatc 1 liquid 
column, the difficulty of measuring the mean height of thifdiquid, 
and (e) the difficulty of securing a elciuii surface. The mcliiod is 
ijuite accurate enough, lit^ .over, for all jiractical purposes. 

Fig. 18 shows the copditious^if equili15riihn of a liquid whicl? lm.8 a 
snmlier tension than that of the material of which the rube is made. A film 
[>f the liquid is dra»rf%v^ the whole of the surfaiHi of the bore, and by its 
ta:g,8ion th* liouid is drawn nn until it iuBt balances the weiffht of the 
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column. A ^ery flimtlle calculation gives the superficial tensioi^f the 
liquid. If be the radius of the tube, p the deiisiy of*tlie liouid, g ine force 
of gravity, and h the mean height attained in the caiullary tube, the vertical 

force (W) -2irroT (6) 

Thiffbsupports a weigjjt of liquid (W)-irro2/tpf/ (7) 

Consequently, 2#roT~'7rrQ‘‘^Ap5( (8); and — ^ • (9) 

* This method only holds true when the liquid has a smaller super- 
ficial tension than the solid, and spreads over it. But there are cases, 
suolwis mercury in contact with glass, where the liquid has in all 
probability a greater surface tension than the solid. In such an 
instance, although the liquid adheres with some force to the solid, it 
cannot spread over It, and the solid on account of its rigidity cannot 
spread over the liquid ; consequently, the combined effects of three^ 



Fig. 18. ''’xG. 19. 
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tensions have to he dealt with, as shown in fig. 14. The vertical 
component in this case may act downwards, and the^tension of the 
surface of the meniscug where it touches the glass acts at an angle. 
But no known lubricants have greater superficial tensions than has 
glass, and consequently, although such cases are interesting to 
physical students, they have little if any practical importance. 

Measurement hy Film Tension . — A direct method of measuring the 
strength of t^e tension has been employed by Proctor Hall ^ at the 
suggestion of yrof. Michclson. 

A g^ass frame, fi^r. 19, is suspended from one arm o^a delicate 
balance, so that it is partly immersed in the liquid. The weight is first 
talJen when a film of the liquid is cxtende^etwecii th% bar AB and 
the li^id. The lower bar is completely su^erged, and serves merely 
to stiffen the end portions whTch dip r*to the^uid. After breaking 
the film another reading is made, care bcing^mken that the frame 
1 Phil. Mag., Nov. 1893. 
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rema'^8 ininiersed in the liquid to exactly the ^.aine dopfn as before. 
Such a film (sonsistn of 1)wo surfaces which have closed together and 
looped round the bars of the frame. Tlie surface tension is the 
difFcrcnce betweeh the two weighings, divided by twice the width 
of the frame. When renj exact detcrminatifAis are requir^, a 
small correction has to be made for the width of th^ frame, as the 
film distorts tlie capillary rise of the liquid on the inside of the 
vertical bars AC, BD. The amount of this correction is found by 
taking tlie tension of the same liquid with two or more frames of the 
same thickness, but of different widths. ^ 

Fig. 20 shows in section the conditions when there is a film in the 
frame. The tension that may exist on the face separating the liquid 
from the frame has no effect whatcA^cr on the balance, for the surface 
where the air and the liquid meet encloses the upper bar and closes ‘ 
together to form a film beneath it. This film it is which supports the 
mass of li({uid whicli is shaded in the figure and which acts upon the 
halance. 

Measurement hy WtiM Plate.- -V \\q films of some lifpiids, such as 
alcohol, ^ether, and chloroform, break tdmost immediately they are 

Air 

¥ 

• Bnr 

Liquid Liquid 

Fig. 21. . 

« * 

formed, consequently their superficial tensions cannot be found by 
this method. I Vector Hall, therefore, adopted a modification of 
Wilhelmey’s method. The glass or metal frame was replaced by a 
thin rectangular plate of glass, mica, or metal. The plate was ad j listed 
by trial over a liquid until the whole edge seemed enter the liipiid 
^t once when ltnv(;red into it, and when raised slo>v ly parted from the 
li(]uid, first at both ends and lastly at the middle of the lower edge. 

Fig. 21 shows in section the conditions obtaining. The tension surface, 
separating the air and the li<|^uid, rises over the solid and envelops it, and 
by its contractile force draws up the two shaded masses of water, the weight 
of which the balance nieasnres. The results are obtained as follows : — 
The index of the lialance is brought to zero. The vessel containing the 
liquid is then slowly rai.se'd until the liquid touches the luidl^r edge •’of the 
plate and wets it. As soon as this takes place, the lupiid iFin sprec||ds over 
the p\ate and by its tension acts on the \)alauce. Tlie Vjalance is again 
adjusted tt> zery, and the lower edge of the |date is thereby also brought 
its original level. Where h h the breath, t the thicki ess of the plate, and 
T>>the surface tension ^ 

•^=2(&+TTr‘. . . . •. -^10) 

Both these metlioc^haj^e been found to give concordant results and to 
admit of cxtremeljpaccifrate work with some liquids ; but Bichardson and 
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Hanson hav* found tl^m unsatisfactory for mineral lubricating anc 
have obtained better results by the capillary tube(inet|iod.^ 

Instead of a plate, a vertical tube may be slung from a specilic gravity 
balance, the vessel containing the li<iuid resting uj)on a table vvliicli can b( 
raist^ and lowered by a rack. Making W the weight dh the balance, r, tht 
inside and r.^ the outllde radius of the tube, then 

W-T(-2irr, + 2ir/g (11 


and T = 


AV 

2Tr'/*^ + 


. 0 ^ 


In^thcr words, the weight divided by the inside circumference jdus tin 
outside circ.ii inference giv(‘s tin* surface tension. 

For a description of tins and otluT methods of measuring superficial 
tension the jinpe.r by Proctor Hall should be consulted. 


In all cases, the surface tension of the liquid to be measured musi 
be less than that of the solid plate or frame, or the former will nol 
spread over the latter and form a film acting in a direction jiarallo] 
with the solid surface. A little grease or oil on the plate will sc 
rednee the superficial tension of the solid that water will not spread 
over it. In all cases, the solid should he well washed^itlf caustic 
soda solution, well rinsed in clean water, and tlien lifted in a Biinser 
flame. 

Cohesion Figures. — Although in the practical testing of oils the 
observation of the curious forms assumed by the spreading of oil 
drops on clean water surfaces has not yet been found to he of^miftb 
practical value, cohesion figures are of great interest, and may yet be 
found of service. ^ 

a drop of oil is allowed to fall on water, although it (piickly 
contaminates the whole of the water surface, the greater portion 
remains as a lenticular mass, which spreads witli greater or less 
ra})idity, becomes perforated with lioles, forms beautiful lacelike 
figures, and finally separates into numerous lenticular discs. Diflerent 
oils produce in most cases different figures, and these figflres are altered 
by the presence of <tdulterants. The thickness of the contamination 
film surrounding the oil discs is exc(*edingly small— about twe 
millionths of a millimc^tre —and the tension of this attenuated film 
would seem to be fihout as great as that of the combined pull oi 
the oil-air and oil-water surfaces enclosing the lenticular masses 
of superfluous oil. This tendency of the two surfaces of a film tc 
close together and force the excess of fluid to collect in separate 
massef resemWos closely the phenomena observed in soap hubbies bj 
Ueinole^and lltcker, who noticed that the thin black film^was ofter 
si^roui^ded by one having a thickness 250 times as great. 

11 is clear, however, that iJbfore the sigi^cance of th§ actnm of the 
surface forces of liquids and solids upon of the more obscui^ 

phenomena of lubrication eai¥ he satisfaitor'WA ascertained, further 
research upon surface tension phonomeifa will o^equired. 

’ Jour. Soc. Cheni. Ind., xxiv. (1905), 315. May., Nov 1893. 
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THE TIIEOKY OF LUBRICATION. 

Lubrication and Friction. — Lnhriration of Surfaces . — In Chapter I. 
the subject of solid friction was dealt with in detail, and it was 
pointed out that unless solid surfaces be contaminated by lubricating 
nibstaneos ^ley generally seize and abrade each other, even under 
very small loadl-. S’.ch contaminated surfaces cannot properly be 
called lubricated surfaces, for the particles of the bibricant are 
merely entangled in the minor suri^c iiTCgularities of the solid, 
while still leaving it rough. The laws of solid friction appear to be 
Liilaffi^ted by the presence of contamination films, which only serve 
bo reduce the coefficient of friction and enable metals which would 
otherwise seize ^o work together at mcxicrate pressures. 

On the other hand, when a surface is properly lubricated sio 
hooded with the viscous or plastic lubricant, and the coefficient of 
riction depends chiefly upon the nature of this lubricant and the 
Form of the surfaces. At high speeds, and often at comparatively 
low speeds also, such well lubricated surfaces arc wholly separated 
Prom each othCr, and the friction then depends upon the thickness of 
bhe lubricating film, the area of the surfaces in contact, their relative 
i^clocities, and the viscosity of the lubricant. 

Although the dift’erence between a contaminated and a lubricated 
surface is only one of degree, it is convenient to consider surfaces 
which have been wiped clean as contaminated, and surfaces which 
ire wet with the lubricants as lubricated. 

Objf'cts of Lulrrication . — In the design of machinery, the engineer 
jeldom has to deal with unlubricated rubbing Burfacel>. His*tbject 
is the traysference of energy, and its utilization at some parUcular 
place, with' as little loss as possible. In effecting this, the r^atively 
mbving surfaces are often pressed togeflier with considerabfe fyree 
|nd caused to slide ovejf each other at high velocities. Unless such 
jurfacesr be kept apa.t lly the inteptsiticn of a lubricat't, the 
Frictional losses will^i^ great, *and the wear and tear of the surfaces, 
in most instances, ^‘oportionately serious. Indeed, were it not for 
bhe proporties certafn li^uid^ and soft solids possesf of keeping the 

48 ^ 



THEORY OP LUBRICATION. 


49 


relatively mopv^ing surf^es apart, and thereby reducing the fric^tftnal 
resistances between them, it w'oiild be impossible jO carry on many 
most important manufacturing processes, or to move vehicles at 
anything like railway speed. 

Fr’^-tional It has been estimated ^ that the total horse- 

power of all tl^ steam engines at work in the United Kingdom at 
the present time is not less than ten millions, and that consider- 
aflly more than half this enormous amount is consumed in over- 
coming friction. Prof. Charnock says : “ It is truly remarkable that 
of th^many details in connection with machinery, none receives less 
attention than the reduction of friction and the proi)cr lubrication of 
bearings. With a constant striving after the reduction of steam 
consumption per indicated horse-power, little thought is bestowed on 
the relation of indicated horse-power to the useful work done. Taking 
a good engine working at full power, from 6 to 8 per cent., and at 
rpiarter power from 24 to tV2 per cent., of the total power developed, 
is wasted in friction of the main bearings. In many mills fitted 
with first-class arrangements for transmitting power, to drive the 
shafting alone rccpiires from 20 to 30 per cer»t. of the useful work 
done by the engine, and no doubt in many cases ‘his i;) greatly 
exceeded. Very little indeed is known of the power required to 
overcome the friction of various classes of machinery used in mills 
and factories, but it is safe to say that the work usefully expended 
in the actual operations which the machinery is intended to pen^form 
must be an exceedingly minute fraction of the power developed by 
the steam engine in the first place. It is evident that there is 
much room for progress in the direction of the rediution of avoid- 
able sources of loss by more careful attention to the laws of friction, 
and to more scientific methods of lubrication.” 

In this connection Prof. J. (loodman^ has also remarked that 
“out of every ton of fuel consumed for engine p»u poses, some 400 
to 800 lbs. are wasted in overcoming the friction of the working 
parts of the juotor, and further, every machine driven by a motor 
also wastes a large percentage of the remaining power by its own 
friction. One would not be far short of the mark in saying that 
from 40 to 80 p(ir cent, of the fuel is consumed in overcoming 
friction. This extremely wasteful state of affairs is most unsatis- 
factory, and happily can be greatly improved by a due observance 
of the laws of friction and lubrication.” 

The ^ull benefit derivable from efficient lubrication could seldom 
loe taktju advantage of until recently, for bearings as formerly con- 
structed could not b(' jierfectly lubricated without involving a great 
wa«^ite J'f’w that ihc mechanical problems Jo be solved 

have become better known, such defects car. .be, and have been to a 
great extent, remedied in modern machines \ 

* Lectures given before the Bradfoid Engineering iKiMiety by Prof. G. F. 
Charnock, Nov. and Dec. 1906, p. 1. ’ ^ 

2 Paper read befora the Mancliaster Association of Engineers, March 1890. 
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'K/iory of Luhri cation . — Until recently, the enginear had to be 
guided almost whully oy experience in the design of bearing surfaces 
and the methods of their lubrication ; the theory of lubrication, or 
of the action of viscous or plastic substances in diminishing friction 
between relatively moving solids, having receir;ed little attention. 
Not that experimental investigations had been peglccted ; as a 
matter of fact a vast amount of experimental data had been collected, 
but the results not only failed to agree with each other, but they 
also failed to agree with the general experience of engineers con- 
cerning the frictional resistances of machinery. The experiments of 
Beauchamj) Tower, however, undertaken at the instance of the 
Institution of Mechanical Engineers, ^ have helped to explain the 
reason of most of these discrepancies. He proved that a great deal 
depends upon the way in which the lubricant is applied to the' 
bearing, the friction varying with the (|uantity and uniformity of 
distribution of the oil, as well as with the form of the bearing, the 
speed, etc. Most of his recorded experiments were made in such 
a manner that the lubrication was ‘ perfect ^ ; i.p. the bearing was 
flood ed_ with oil. The results were comparable with each other, 
agreed beffc'r than previous experiments with the frictional resistiiiices 
met with in such C(>mplex machines as steam engines, and were in 
close agreement with hydro-dynamical theory. Taken iii connection 
with other experimental results, ^fhey have, thanks mainly to the 
work of Osborne Reynolds, enabled us to frame a fairly complete 
theory of high speed lubrication. 

Unfortunately, the same cannot be said of our knowledge of the 
static or low sfjbed friction of lubricated surfaces. On this subject we 
can only point out those conditions which seem to be of imporfaiice, 
and give such experimental data as are available. 

' The theory of high speed lubri(!ation is based upon the supposition 
that a lubricant acts in virtue of its viscosity and density, physical 
properties which cause the fluid lubricant to insinuate itself between 
the relatively moving surfaces and force them^ apart. Such lubri- 
cants, howcvbr, offer considerable resistance to shear, and at high 
speeds it is this resistance which mainly occasions the friction of 
the bearing. The value of this resistance depends upon the viscosity 
of the lubricant, the relative speed of the surfaces, their area and 
inclination to each other, and also upon the thickness of the 
lubricating film at each point. When these conditions are known, 
the resistance offered to their relative motion can, very^approxpnately, 
be calculated. That these really are the conditions \vhich determine 
the friction will be seen when we come to consider bearings of 
different kipds and compare the ex 4 )erimental results with tkjose 
deduced from theory. “ 

‘ Division of the Subferf — Bearing surfaces are of various shapes, 
the most common £^m being cylindrical ; often, however, Vhey are' 
trug planes ; but/Jwlifither cylindrical or flat, the opposing surfacesj'^ 
1 InU, Mech. Eng., 1883, 1885, 1888, 1891. 
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when ’working, are seldom quite parallel to eaqh other. In disclosing 
the theory of lubrication, the subject will* be ®treated under the 
following heads : — 

^ 1 . Static Lubrication. 

3 . Low Speed Lubrication. 

• 3. High Speed Lubrication. 

*This order of treatment is convenient, as, although at liigh speeds 
the friction depends very greatly upon the shape of the surfaces and 
the f^^e supply of the lu})ricant, such is not the case at low speeds, 
for the surfaces then act as though they were approximately parallel, 
and the lubricating films very thin in places. 

Static Lubrication.— of the Thickness of LuMcatiny 
Minis . — When two surfaces between which there is a viscous lubri- 
cating fluid are pressed firmly together, the lubricant is slowly 
expelled, the faces eventually approach one another very closely, and 
in order to cause them to commence sliding over each other, con- 
siderable force has sometimes to be exerted. It is evident that if the 
solid surfaces were perfectly smooth, and the film had an^^’Yeciable 
thickness, any force, however small, would cause relative motion ; for, 
in the case of a viscous fluid film (see p. 18 (5)), 




( 1 ) 


the resistance F being proportional to the speed so that when 

ri = 0, F-O. 4 

bearing surfaces never are perfectly smooth, and, as in the 
case of so-called solid friction, the projecting particles interlock 
somewhat, even though they may be prevented from actually touch- 
ing each other by the presence of the intervening lubricant. It is to 
this mterlor Icing that the static friction must be mainly attributed ; 
consequently, the extent to which the film of any particular liquid 
can be reduced in thick ness by tin* pressure urging the faces together 
is a very im])ortant consideration. 

Static Coefficient of Friflion . — Our knowledge of the static coefficient 
of friction of well lubricated surfaces is by no means complete, Thurs- 
ton,^ however, has described some experiments which he considers, on 
the whole, to have been reliable. He found that with different oils 
the variation undergone by the static coefficient with increasing load 
is very similar for each liquid, although the value of their frictional 
resistances may differ considerably. o 

Fig. 22 exhibits graphically the results obtained by Thurston with 
his oil-testing machine, when sf)erm oil and lard oil were ftsed." With 
sperm oil (A) the static coefficient rose ve^lkipidly until a pressureo 
of abouWTO lbs. per square ii^ch'was reac^ca. l^then increased less 
rapidly to 500 lbs., and more rapidly again to Tlniybs.. whilst at the 

^ Fridw.'t and Lost IVork\ j). 316. 
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lastVAsorvation, 1000, lbs., a further falling off was ‘experienced. 
Lard oil (11), althofigli having about twice the viscosity of sperm oil, 
gave a much lower coefficient of friction, but it behaved similarly, the 



^ coefficient rapidly risiii^ with increase of load up to 100 lbs. per square 
inch.* Above this loa4, h )wcver, it d^*c^eased, passing the maximum 
at about 150 Ibs.Veachin^ the minimum at 500 lbs., and^rising to 
atiecond maximiw' at 900 lbs. The general character of the curve 
is the ^lame as •that' for sperm oil, but with the terminal portion 
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depressed, fleavy luBricating petroleum behaved very much^like 
sperm oil. • 

Lard oil must, therefore, remain, in spite of the load on the bearing, 
as a mueh thicker film between the surfaces than sperm oil, and must 
keep\he irregularities from interlocking to a greater extent. Here 
the smaller coefficient of friction is given by the liquid having the 
j^'cater viscosity. The higher pressures stated are much greater than 
it has been found possible to employ in practice when the load is not 
intermittent. 

Pl^atir Friction . — When the lubricating film is a plastic substance, 
such as axle-grease, the conditions are difterent, for such a film cannot 
be wliolly expelled by pressure, and under ordinary working condi- 
tions may remain so thick that the metallic surfaces never actually 
touch, nor do the projections interlock. 

That the film cannot be wholly expelled will be seen from fig. 10, 
p. 29. The two surfaces AB and CL) are supposed to be approach- 
ing without tangential (sliding) motion, and the plastic lubricant is 
being expelled from between them ])y the p/essure s(‘t up. The load 
urging tlie surfaces together remaining the same, the thickness of 
the film decreases until those portions of the lubricant the stresses 
upon which are sufficient to cause shear have been expelled. Further 
approach is then arrested. 

Such a film offers, however, a ine.asurable static resistance to shear. 
From experiments made with plastic lubricants (see p. 63) if^would 
appear that under such loads as are used in practice, and when the 
surfaces are relatively at rest, tfie film is so thick that the static co- 
eff cient is much less than that given by even good viscous lubricants, 
and also that the coefficient of friction, when the speed is small, 
decreases steadily with decreasing speed until the static coefficient 
is approximated. 

Fjffeds of Superficial, Tension . — Kven when liquid lubricants alone 
are used, if the pressures forcing the surfaces together are not too 
great, the liquid film is only partially expelled, and the irregularities# 
of metallic surfaces are, to some extent, prevented from interlocking 
and from cutting or abrading each other when set in motion. 
Ififferent lubricants form films of very difterent degrees of thickness. 
The property does not seem to be in any direct way related to 
viscosity, for equally mobile liquids vary greatly in their power of 
forming thick stable films and reducing friction. Although this 
subject has bcjcn already dealt with at some length in Chapter JII., 
wo will again I'.efcr to a few of the main points which seem to have a 
bearing uj>on the si. die coefficient of friction. * 

Mineral, unlike animal au(i vegetable, oils, seem for t^ie most part 
deficient in this property of forming thick, ;^rmauent films. When 
used fof bearings which here to carry comp^atively heavy loads on 
small rubbing surfaces, mineral luliricailts are, ]ierefore, often mixed 
with animal or vegetable oils, fats, grease.., etoi jThe power which a 
liquid film posse^es of resisting complete expulsion from between two 
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metric surfaces may }.\e regarded as due to two causes. * In the first 
place, there is thh irilerfacial action which causes oils to spread 
themselves over metallic surfaces. Kayleigh has shown that when 
several liquids arc brought into contact witli a solid whose sijrface 
tension is greater than that of eitlicr of theiA, the conditions of 
equilibrium or of minimum |)otential energy are <• satisfied when 
the liquid of greatest surface tension is in contacjt with the soli^, 
and the otlier liquids assume the order of their relative surface 
tensitms. 

Water, however, although it has a greater surface tension, cannot, 
as a rule, displace oils, fats, greases, etc., from the surfaces of solids, 
for such substances are insoluble in water and insinuate themselves 
among the surface ])articles of the solid, from which they are not 
easily separated. When the temperature is high, and the surfaces 
abrade each other, water is apt to displace the lubricant and seri- 
ously increase the friction coefficient. Thus, water arising from 
condensation in steam pipes, etc., interferes seriously with the proper 
lubrication of valves, piston rings, etc., upon which it is apt to 
be depo»to). 

All lubricants- ho'x smalloiv surface tensions than the solids be- 
tween which they arc used, consequently they readily spread over 
and wet such surfaces. Were it^iot for this action, it would be 
impossible to apply the lubricant in many of the ways now commonly 
employed. 

But in addition to this power of spreading over, or weUmg^ metallic 
surfaces, note i^nust be taken of tlie power certain films possess of 
resisting disruption. For instance, a film of })ure water rupt”»'es 
almost immediately it forms. Sucli a film consists of two surfaces, 
in each of which the molecules are in a peculiar condition of stress. 
When the marginal molecules of the two surfaces meet, the film 
becomes locally weak and ruptures. The addition of a little soap, 
although it reduces the surface tension of the film by nearly one 
rhalf, causes it to persist and strongly resist rupUirt at points where 
it has become thin. 

Dupre and Kayleigh proved that, at the moment of their formation, 
surfaces of soapy water have hardly less surface tension than pure 
water. The soap in the film is slowly concentrated from the interior, 
and not only alters its tension and prevents it from rupturing, but 
also increases its viscosity. Clean water supplied tc h}'draulic 
machinery has little or no lubricating effect upon the beariiiig sur- 
faces of valves and other moving parts, which, wheu unlul jicated, 
abrade each other very rapidly. A little soap added to the water 
fnakes all tfie difference. The film ieszsts mpfure, feels soapy ^ 
between the fingers, bermies more viscous, and keeps the metallic 
surfaces from abradin^^ efv;h other. . r ^ 

- Owing to the con^tratioi! of the soap in the surface film, only 
a very small quanti^ is required to secure the proper lubrication of 
hydraulic valves, etc. ' 
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The result*produced*by the varying thicknesses of the permanent 
greasy films of different lubricants has already be«n seen, as regards 
sperm oil and lard oil, in the case of the static friction coefficient. 
But ^ its value in lubricating problems is most marked when the 
speed is low and th(f loads high, detailed reference to it is convenient 
at this juncture# 

,Low Speed Lubrication. — lu flumre of the Nature mul Condition of 
the Friction Surfaces . — At high speeds we shall find that with suitably 
designed bearings the lubricant becomes trapped in relatively consider- 
able Tiolume between the moving surfaces, and as it cannot escape 
freely again, the surfaces remain completely separated by a viscous 
film (see p. (Ji). At very low speeds, however, this is not the case, 
and if tlio load be too great, or the rubbing surfaces arc of unsuitable 
materials, there is danger of so cutting and tearing the bearings that 
they will run hot. Static friction and low speed friction effects are, 
indeed, of great importance in almost all cases, for machines have 
generally to ho stalled from rest witli considerable loads on the 
bearings. This is especially the case with th axles of railway vehicles, 
the journals of which require very careful lubrication ; end^tr|).nce and, 
a low coefficient of friction being of paramount imparlance. The 
friction of turntable centres, of the motion pins of slowly moving 
engines, etc., and indeed of the rubbing surfaces of all kinds of slowly 
moving machinery, is largely dependent upon the nature of such 
surfaces, and upon the greasincss or oiliness of the lubricant iiacd, its 
viscosity, and the rate at which the viscosity decreases with rise of 
temperature. 

The irregularities of even smooth rubbing surfaces, although they 
may be separated over considerable areas by continuous films of the 
lubricant, often actually engage each other at numerous points. At 
such places abrasion occurs, often without serious results, for the 
liberated heat can, in most cases, pass freely away, and the lubricating 
film is not permanently broken. Should, however, the materials 
forming the hearing surfaces be such that when forced into contact, 
they readily weld together, large areas of the surfaces may eventually 
seize. Therefore, although at all ordinary running speeds the friction 
depends almost wholly upon the action of the lubricant, and very 
little, if at all, upon the nature of the surfaces in contact, it cannot 
be too clearly understood that, at low speeds and with heavy loads, 
this is by no means the case, and that so much injury may be done at 
starting that •ven if the surfaces do not seize, they may be made so 
uneven that tlm liquid film cannot be properly formed between them 
at high Running spe^ 'ds, and the friction, owing to the forntation of a 
thm film of irregular thickness, may become so grea^ th^t undue 
heating will result. • 

The^ effects at low speeds are practicallj^he same whether th^ 
surfaces be plain, cylindrical, or of double cur^ture. In this respect 
again the laws of low speed friction differ# frg^m those obtaining 
at high speeds^J,or at high speeds the magnitude of the coefficient 
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depAids upon the shape of the surfaces as well as upon the nature of 
the lul)ricant, etc. ft *■ 

The great frictional resistjince met with at low speeds is well 
known to all who have noticed heavy machinery running slowly, or 
who have scon hydraulic pumping engines starts from rest, ifi the 
latter case, from the moment the engine commences *to move, it has 
to deal with the full load on all its hearings. In consequence of 
this all the faces are firmly pressed together, and the lubricating film, 
especially if it be a mineral oil, is not sufficiently thick to prevent 
even the minute irregularities of the surfaces from interlf^king 
somewhat, and the bearings often ‘ groan ^ and the parts move by 
jerks, ihit as the speed increases this jerky motion decreases, the 
machinery ‘ groans ’ less and less, and finally moves easily and 
noiselessly. At the lower speed the lubrication is im})erfect, but by* 
the time the relative speeds of the rubbing surfaces have reached 
10 or feet per minute, comparatively thick films of oil have 
been thrust by the motion of the shafts, etc., between them and 
their bearings, and the load is carried by oil films only. When 
these c ompa ratively thick films have formed, and the faces either 
wholly or over the greater part of their surfaces have separated, the 
lubrication is said to be ‘{)erfect.’ 

fn-JIumre of t/ie ami Qilhms of the l/tihru-ani. — At low 

spec(is, especially under heavy ^oads, and in all cases whore a 
comi)b)te oil film cannot form between the friction surfaces, the 
viscosity and the oiliness {luhricifif^ uneiuosity) of the lubricant 
arc of great importance. These properties, though distinct, are 
related in souk' way, for it will generally be found, with oils of 
the same class, that the friction-reducing power at low speeds is 
in the same order as the viscosity, though in comparing mineral 
oils with animal and vegetable oils of the same viscosity the latter 
will be found to have the greater friction-reducing power, owing 
to their greater oiliness.^ Some experimental results illustrating 
^these facts are recorded in Tables X(1I. r; ,md i) (p. 345). 
Everything d(?pendH, however, upon the speed and the load ; for, 
from the moment the surfaces commence to move relatively to 
each other, the oil tends to be forced between them and, there- 
fore, as the speed increases and the film becomes thicker and more 
complete, so the reduction of friction becomes more and more de- 
pendent upon the yisc«isity and less upon the oiliness of the lubricant 
employed. , o 

Influe'iice of the Method of Luhr! cation. — The frict’':ip is n uch less 
dependent upon the method of lubrication at low speeds ‘than at 
"higher speedy ; indeed, with a short ci^iord of healing snrfiirce, and 
therefore with heavy Imds per square inch, th^ friction is approx- 
hnately the same wly^thgr the pad,^ ojl-bath, or other system of 

/j • 

^ Some authors use ^le tonii * body ’ to signify the lu’operty of oiliness, but 
by others this term had(beeii tmploved to mean viscosity, combined canillaritv and 
viscosity, etc. 
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Jubrication adopted. With less heavy loads the friction is^more 
variable. • 

The following results were obtained by Goodman ^ : — 


\aBLE V. — FlifcTIONAL RESISTANCES AT A Sl'EED OB' 7‘8 FeeT 
• PER Minute. 


1 - 

Length of Chore 

of lU-aring Surface (inches). 

jjjjstem of liUhricution, 






2*0 

1*75 

1 6 

1*0 0*5 


Mean B’rictional Kesist.nnces. 

Oil-bath, 

0-92 

()*7() 

0*64 

0*48 ; 0*47 

Saturated pad, 

1*13 

0*92 

0*72 

0*48 ' 0-46 

Oily pad, 

1*87 

1*25 

0*94 

0*57 0*51 


OopJicieJit of Friction at Low Speeds. — Kxperiments on the eoefhcient 
of friction at very low speeds have been made by Jenkin and l^^wing,^ 
who measured the friction at such low velocities as 0'0()()2 feet per 
second. Tliey employed very considcmble loads, and their |^earing 
surfaces were spindles resting upon flat surfaccis. These conditions 
were found by Kiml)all to favour a cocilicient decreiusing continuously 
with increase of speed. 

'Ji'iikin and Ewing state that in the case of steel upon brass, 
lubricated with oil, the coefficient was found to bo 0’146 at all speeds 
from 0*0002 to 0*0064 feet per second. In the case of steel upon steel, 
however, the coefficient increased from 0*1 19 at 0*0 ^02 feet per second 
to 0*13 at 0*0046 feet per second. I’his increase, and also a subsequent 
decrease of the coefficient of friction wdtli increasing speed, is much 
more clearly brought out by Kimball, whose apjmratus is thus 
described : — 

“ A shaft one inch iii diameter was adjusted so that it could be 
driven at almost any rate between one revolution in two days and a 
thousand in a minute. A hole was bored through a block of cast 
iron 3J"x3J"xlJ" and carefully fitted to the shaft; rigid iron 
rods were serewijd into the t-op and Ixittom of this block, and adjusted 
so as fo staiK? in a vertical line at right angles to the shaft. lTjx)n 
these rpds slotted weights could be placed, and thus th€ pressure 
uj^on the shaft and the ccytre of gravity of the brake^could be 
readily adjusted.” 

^ FricHon and Lnhrkaiwn oftCt;iindrical ya«K?^%^pami>lilot), 1890, p. 138. 

3 PMl. Tram., 1877, p. 509. 
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The two following tal'lee give the resiiltn obtained 
Table VI. 


Feet per Jliuutc. 

Cm. per Second. 

• llelative Values of^ 
Friction Coefticient. 

r 

■ 000.58 

•000295 

0-37 • 

■( K )225 

•001144 

0-51 

• 00.500 

•002540 

0-73 

•01100 

•005590 

1-00 • 

These results show a 

coefticient increxismg as tlie velocity increases. 


Table VII. 


Feet i»er Minute. 

Cm. per Second. 

Kelativo Values of 
Friction Coefticient. 

- t>-o 

305 

1-00 

22*6 

11*49 

0-60 

. 50*4 

25-61 

0-46 

110-0 

__ _ ! 


0-29 


These results show a ooefticient (Urreasing as the velocity increases. 

That the coe|ticieiit of friction of lubricated bearings at very low 
speeds is often greater than the static ooefticient is supported by 
many other facts, (loodnian’s experiments (Table VIII. p. til) may be 
instanced. On the diagram, fig. 23, the curve A shows the manner 
in which, in these experiments, the friction varied at moderately low 
speeds with a load of 150 lbs. per s(piare inch. If the curve A were 
continued so vSi to cut the ordinate of no speed, the static coefticient 
•would be about 0 21. l''his is for bath lubrication. With saturated 
pad lubrication (curve H) the sUitic coefticient would he about 0*27. 
These are high figures when compared with the static (joefticients 
obtained by Thurston, which are given on the diagram, fig. 22. It 
is probable that had (loodman experimented at iniK'h lower speeds, 
he would have found that the friction assumed a maximum at a 
comparatively low velocity, and then decreased again as the speed 
decreased. WellingtoiTs results^ were obtained b)i noting the 
resistaiice^oftered to the motion of wagons, and camu S be considered 
as accurate measures 'of journal friction at very iow speeds,* as the 
resistance vva*' due partly to the roUivy friction of the wheels on the 
i^ils, partly to vibrati<», etc. WTth lubrictateo journals it would 
: appear that the coeftici/mt ©f friction ia al u maximum at-som^ speed 
‘below one centime^ ]>er Second ( = about 2 feet per minute), 
Kimball ^ says that %u Increase in the pressure between the surfaces 

^ I'raiLs^mcr. S^. Civ. Anicr. Joi^ni, JScie/ice, 1870 . ' 
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Ill contact changes the value of the maximum coefficient, Itiid makes it 
correspond to a snialloi* velocity. I'lie more yielding the materials 
between whicli the friction occura, the higher is the velocity at which 
the maximum coefficient is found. Heating the bearings changes the 
position of the maximum coefficient to a highef velocity. Iif the 
vicinity of the maximum c;oetticient, the friction gci'.erally remains 
sensibly constant fora considerable range of velocities. With spee(J,s 
above one centimetre })er second, or thereabouts, a viscous lubricant 
being uscfl, the friction of journals falls rapidly until a velocity of 
about five centimetres per second ( — about 10 feet per minuie) is 
reached, and then increases very slowly to the highest speeds at a 
rate depending upon the method of lubrication employed. This 
cliange of the coefficient of friction with increasing speed is shown on 
the diagram, fig. 24. From a to h the curve rises, indicating that ' 
at the lowest speeds, below one centimetre j)er second, the coefficient 

of friction increases with increas- 
ing speed. With further increase 
of speed, the coefficient of friction 
rapidly decreases and reaches a 
minimum (at c), if the lubrication 
is good, at a speed of al)out five 
^centimetres })er second; it then 
slowly iiHfreases again. With 
im])erfcct lubrication, or with 
plastic lubricants, the coefficient 
of friction falls less ntpidly from 
h ; indeed, the speed may reach 
per minute before the lowest point c of the curve is 



& Friction 
coeffic ent 


fncreasing Speed 

Igio. 24. 


100 feet 
Vcachcd. 


At one time it was supposed that there was always a sudden change 
in the value of the coefficient of friction when the surfaces in contact 
came relativeW to rest. TJiis was shown to be erroneous by Jenkin 
fiand Ewing, who found that although the frictions of jest and of motion 
have often ver^ different values, in no instance was there a sudden 
or abrupt change in value, the kinetic coefficient gradually changing 
as the sj)(5ed decreased until the static coefticicMit was reached. Their 
experiments were made at extremely low velocities, as stated on p. 57, 
and from the results obtained we may safely conclude that the 
coefficient gradually cljanges when the velocity become^ small, so as 
to jjass without discontinuity into the friction of rest. i 

Subse(|uent experiment has amply confirmed this niew. ."till our 
knowledge of the va'riations which the kinetic fiiction uitdergoes 
•with clm;3g9c./i speed is by no meanst- complete, few experiments 
having been carried outsat very low velocities. 

In -Table IX. (p. 70)f wfeich will be fuljy described later, th^ value 
of a certain constant, C, leads to the belief that, as in the case of 
cylindrical surfaces^tho lubrication of plane surfaces is also imperfect 
at low speeds anct* with heav^ loads. When the valjje of C ceases to 
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vary, the proBsure film lias, there is every reas 9 ii to believe, estabiTshed 
itself. • • 

At a mean speed of about 60 feet per minute, and with greater 
loads than 60 lbs. per s(piarc inch, tlic pressure film is partly crushed 
out a!hd the friction*becomcK abnormally groat, as shown by the largo 
and increasing yalue of C. At 00 feet per minute, even 160 lbs. per 
square inch is satisfactorily carried, Init at speeds below l.'l feet per 
minute, even with 20 lbs. per s<piarc inch, the pressure film is not 
properly formed and the friction is high. 

•Taiile VJJI.’ — Changes in Value op tue Coefficient of 
Friction with Increasing Speed. 


Coetlicients of Friction (/ni) under a preaaure of 


Feet per Minute. 

50 11)8. per 8<|. in. 

_ 

76 11)8. per sq. in. 

150 11)8. i)er sfj. in 

r, 


•0025 

•1145 

10 

•0009 

•0007 

•0250 

15 

•0012 

•0008 


i2() 

•0014 

•0009 

•0034 

25 

•0017 

•0011 

•0027 

30 

•0021 

•0013 

•0023 

40 

•0020 

•0016 

•0019 

50 

j -0032 

•0018 


70 

! -0042 

•0024 

•0017 

90 

i -0053 

•0030 

•0020 

110 

' -0004 

■0036 

•0024 

130 

i -0075 

1 -0042 

•0029 

150 

! -(KlBf; 

•0048 

•0035 

170 

■0096 1 

; -(Klfil 

•0041 

190 

•0100 

i -0060 

•0047 


In the case of a journal, the high coefficient of friction at low speeds^ 
is also very striking, especially when the load per sipiare inch is 
considerable. Table VI If. shows the changes in the value of with 
increasing speed when the pressure is 150 lbs., 75 lbs., and 50 lbs. 
per s(|uare inch, and the journal flooded with the lubricant. With 
the smaller load, even at such a speed as 10 feet per minute, the 
coefficient of friction is small. At 75 lbs. per sipiare inch the friction is 
at a n^nimunj between 5 and 10 feet per minute, whilst at 150 lbs. 
per s(|uare inch the minimum frictional resistance is not reached 
until a#specd oi iihu it 40 feet per minute is attained. In otlier woi’ds, 
tltt) luWication, except with ^mall loads, is imneifect ^kjow s peeds, a 
liig+i speed being required to form a sustainijig liquid pressure-film. 
Although the above statements concerniiig^the changes which tlft 
low spfed friction undergoes with slight«hanges of speed are doubtless 

^ These figures have been obtained by ])lotting the values given in Goodman’s 
tables. 
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correct for certain conditions, the effects prodiAjed by changes in the 
viscosity and othci properties of the lubricant, the method of its 
application, and tlic form and condition of the nibbing surfaces, are 
only imperfectly known. Neither has the action of a lubricant in 
decreasing friction, when the speeds of rubbing aie small, beei/ sub- 
jected, nor does it appear to be amenable, to mathematical treatment. 
However, the conditions obtaining under such circumstances can be 
given approximately. * 

Theorn of Low Speed Lubrication, — We have already pointed* out 
that if the irregularities of the surfaces did not interlock, the friction 
would be much smaller than it really is at very low speeds ; indeed 
the friction at rest, if the viscous lubricating film were snfticiently 
thick to jiri'vent interlocking, would be nil. We may, therefore, 
assume that the surface irregularities are large as comjiarcd with the • 
thickness of such a lubricating film, and that as the speed increases 
the film becomes thicker. 

The action will be understood from fig. 25, w^hich shows a highly 
magnified section of two imaginary surfaces in slow relative motion, 
prevented from touching by a viscous lubricating film. As the 

surfa(5es move over each other the 
■' elevated portions alternately ap- 
prQach and recede, and the greater 
'to l^rfe relative si^eed the more rapid 
is this action. Each time two 
Fkj. 25. such elevated points as A and B 

approach, the liipiid is expelled 

from between tiluun, and then drawn in again as they recede from - 
each other. Hut the viscosity and oiliness of the lubricant resist 
this alternate squeezing out and drawing in of the film more and 
more powerfully as the speed of rubbing increases. 

The more rapid the relative movement, the smaller is the volume 
of lubricant forced from between the asperities, and the thicker the 
^film becomes. Kven at very low speeds this thicker ing of the film 
is assisted by flje lubricant which is trapped at the front edge of the 
bearing. Tliis point will be dealt with at a later «tagc, as to it must 
mainly be ascribed the low friction of even flav surfaces at high 
speeds. The thickening action occasioned by the tisperities passing 
over each other can only occur to a very limited extent, and would 
seem to prevent the kinetic friction at oerij (otc speeds from exceeding 
the static friction by so much as it otherwise would. ^ « 

The resistance due to the viscosity of the film is jiroporti''nal to 
the speeds of rubbij.;g, and inversely proportional to the tkickness 
of the fihu.^.Hjp to speeds some whaf# below one centimetre per 
second we must, therefojjc, assume that the lubrierting film does hiot 
thicken with sufficient irapj^lity to prevgnj the speed from incrcasihg 
the frictional resistance. • Kt greater speeds, however, till him ^ 
thickens so rapidly,^ compared with the increase in speed, that the 
coefficient soon fall* to a small fraction of its original value. 
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Within certain limitJfe, the smoother the surfaces the smalle? the 
static coefficient ; but at very low speeds siich •urfaccs give com- 
paratively high frictional resistances, for the films are then exceedingly 
thin, and are not increased in thickness much by the action above 
descried. • 

Luhnratio7i igiik Plastic Solids . — For a number of years greases 
were almost exclusively used for railway axles. They are generally 
eftiulsions of fat or oil, soap and water. Such axle greas(‘s are plastic 
rather than viscous mixtures, and require the exertion of a certain 
definite pressure to cause them to flow. Owing to this fact, they 
cannot be completely squeezed out from between the journal and 
its bearing They are, on the other hand, readily forced in at the 
higher velocities. Although offering much more resistance to motion 
• at high speeds than does a lubricant of low viscosity, the much 
greater thickness of the plastic film, wlien the sjieed is low, makes 
the static friction less than is given by most, if not by all, truly 
viscous fluids. On this account, althr.'ugh the friction of a rapidly 
moving train lubricated by oil may be much less than when plastic 
greases are used, a much greater force is recpiirod to set the coaches 
in motion. Oreases have consequently maintained their position as 
lubricants for low speed goods trains on most lines. 

T. 0. Clayton^ made a series of experiments to ascertain the 
friction of coaches belonging to various railwa> companies with a 
view to measuring the static friction when using oil and grease, 
respectively, as lubricants. He found that, on the average, a tractive 
force of 12T)2 lbs. per ton w'as retpiired to move a coach when 
lubricated with grease, whilst a force of 18*54 Ibs.^ per ton was 
requir('d when oil was used. 

To keep the rubbing surfaces of bearings from coming into contact, 
owing to the expulsion of the lubricant by the load when their 
relative velocities are small, oils, fats and greases containing solid 
lubricants, such as graphite, are much more extensively used than 
are such solids alone^ Asa rule, the viscous or plastic matrix acts , 
as a carrier for the solid lubricant, and enables it to be? more readily 
applied to the rubbing surface. It is placed in such a position, with 
regard to the bearing, that should the liquid lubricant be rubbed 
out, the heat arising from tlie increased friction melts the matrix, 
and the mixture, containing the solid in suspension, immediately runs 
on to the dry surface. 

Sucl^ mixUijes are mostly suitable for heavy pressures and low 
speeds. At high speeds their frictional coefficient is very great, and 
the heating ana los- of power which they cauarvis propoiff/ioiiately 
seritms. • Their use is, therefc^e, almost eiiLirely reBtri9lmJ^^)earings 
which are only in motion occasionally, or to i^uch as the journals of 
tip wagons, or the axles an^ gpindles of l^uling machinery.^ The!* 

^ Lnhrimtion and Traction relating JUailway Carnages (pamphlet). William 
Clowes & Sons, 1 892. * • 

Further lu formation on the use of trrease for locomotive axles is given on p. 467. 
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solicf portion of the lubricant finds its way iftto the surface irregu- 
larities and fills thtm Tip, thus increasing their smoothness. It also 
prevents the metals from welding to each other at points where they 
are forced into contact by excessive pressure. Solid lubricants are 
often mixed witli lujuid ones and used for rubbing surfac^es <^hich 
liave not properly worn themselves true, for althongl^ the coefficient 
of fric.tion may be high, and the bearings become heated, the solid 
lubricant prevents the injury that would otherwise result from tfie 
decreased viscosity of the licijuid. Thus graphite, soapstone, and 
paraffin wax melted together and worked, while hot, into a plaited 
rope of cotton, jute or hemp, constitute an excellent packing for 
piston-rod and other glands. The wax keeps the packing soft and 
pliable, the soapstone and graphite serve to make it duralde, whilst 
the fibrous material binds the whole together and gives it a formt 
convenient for the user. 

High Speed Lubrication. — The Pr^mr^ Film,— At a speed depend- 
ing greatly upon the load and the nature of the lubricant, the rubbing 
surfaces commence to separate, and a comparatively thick lyresmro 
film forms between them and carries the load. The extent to which 
the thicTincss of this film increases with the speed varies not only 
according to the load, the viscosit}^ of the lubricant, the area of the 
bearing, and the speed, but also , according to the shape of the 
surfaces and the relative positional^hey assume. As illustrations of 
the conditions under which pressure films are pnHluced, and those which 
determine tlieir thickness, it will be convenient first to consider the 
case of parallel plane surfaces, then of plane surfaces inclined to each 
other, and finally of cylindrical surfaces such as those of journals. 

Luhricutum of Parallel Pla^ie — Although neither a very 

common form of bearing nor one that will carry very great loads, the 
conditions which obtain when parallel plane surfaces are pressed 
together, and caused to slide over each other, are of considerable 
interest, for the laws which govern the frictional resistance in such 
cases serve to illustrate very clearly the mode ’n which viscous 
substances reduce the friction between relatively moving bodies. 

The subject was one that engaged ,tlie ck)se attention of 
Heaucham{) Towner. Indeed, had it not been for his exj)erimental 
work, to wliich reference has already been made, we should have been 
without the data upon which to found a hydro-dynamical theory. 
(.)f the experiments made by Tower, those on pivot frict’on have most 
bearing upon the subject in hand. ^ t. 

In these experiments, faces which were free to luove to or from 
each other were nw^.itained parallel. The pivot (uiperimeixted with 
‘Was made .of ^ perfectly flat/'nd 3 inches in diameter, «fmd 

was pressed against a viMiigaiiose bronze bearing in such a mflrnner 
*'that the faces, although ^hey could sopj^rate, were always parallel to 
one another. The exact Mrra of bearing and the detailif' of the 
machine employ ed,Jirii given on pp. 367- 8. The lubricant was supplied 
’ Deeley aiid Wolff, The Engineer^ lOtli January 1890, 26. 
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through a hole in the centre of the bearing, ahd was distributed by 
two radial grooves extending from the centre hoie to within a of 
an inch of the periphery of the bearing surface. Tn this way the 
bearing was always jcept flooded with oil, which remained clean and 
bright during the experiments, indicating that no abrasive action 
was taking place?. In other words, the lubrication was ‘perfect ’ ; i.e, 
tlieere was a comparatively thick film of oil maintained under pressure 
between the surfaces, which were thus prevented from touching each 
other. To the viscous action of this oil film the friction was wholly 
due, -being smaller the thicker the film, and greater the higher the 
speed. However, with each change of speed or load a corresponding 
change in the thickness of the film, and therefore of the frictional 
jesistanco, took place. 

Fig. 26 illustrates the action of such a film. It shows two 
parallel planes of unlimited length and breadth separated by a viscous 
film of thickness The upper plane CD is supposed to be 



Fio. 26. Fio, 27. 


while the lower plane AB moves in the direction of tl: j ; rrow with a 
velocity By the definition of viscosity (p. 18) there will be a 
tangential resistance to motion 

/=V' (2) 

r) being the viscosity of the liquid. When one plane has an area A, 
the total resistance to motion 

F = (3) 

^0 

The tangential motion varies uniformly from at AB to nil at 
CD. Thus, if the length FG be taken to represent then the 
length of the line PN will represent the velocity at P. 

WheiV'first the planes are set in motion, the inertia of the viscous 
liquid prevents it from at once assuming this condition of flow^ but in 
a comparatively short period all irregularities of subside, and 

the V^iocily of the liquid at plane is strictly proper tiT^ual to its 
distance fiom CD. 

Inift 7 tia,, effects also show themselves whca one plane is of finite 
extent. They tend to throw the surfaces apart, and maintain a film 
of the liqiiid between them. In fig. 27 the surface 'CD is supposed to 
be of limited leng^, both parallel with apd in a direction 
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dicular to the paper. AB is flooded with oil, which when approaching, 
but at sonic distance from D, is moving at the speed of the plane 
AB. Just before reaching I), a relative motion or distortion of the 
fluid is produced. At I) the oil in actual contact with the fixed plane 
is at rest, and the remainder, instead of passing along between the 
surfaces in such a manner that the rate of distortion is everywhere 
the same, as in fig. 26, is caused by its own inertia to enter the spp,ce 
between the planes, and to flow in such a way that— as shown in 
fig. 27 — the rate of distortion becomes much greater near the ])lane 
CL) than near the plane AB; whilst, at the end (J, the rate of'‘d*istor- 
tion of the lubricant, in virtue of its viscosity, may have become 
approximately the same at all planes. Under these conditions, there- 
fore, the lines LXjt are curved, the rate of distortion is greater ne^^ 
CD than near AB, and the volumes passed at each section are pro^ 
portional to the areas enclosed by EKG. It will be noticed that 
these areas are larger at the entrance D than at the exit C, part of 
the excess of li(piid escaping laterally, owing to the comparatively 
small width of the plane CD in a direction perpendicular to the 
surface, of the paper. When the velocity with which the lower plane 
moves is very smad, the volume carried iii between the surfaces 


^ , EF . CF 

IS nearly proportional to - • 


and at the opposite end of the 


plane the same volume is carried out ; but as the speed increases, 
the volume introduced may exceed the volume carried out at C by 

an amount almost proportional to EF. CF- 


EF . GF 
2 


at which the excess remains unaltered, however much the speed may- 
be increased. 

When the planes are of considerable area, and are close together, 
the viscosity ^of the oil powerfully resists its escape at all points, and at 
the same time, by tending to make the rates of distortion everywhere 
equal, causes it to accumulate and force the planes apart until the 
forces arc in equilibrium. This action is going on at all points between 
the surfaces when thoir length, measured in the direction of motion, 
is not very great. The force tending to throw the planes apart is, 
therefore, distributed over them much as is the force lesisting the 
approach of two surfaces separated by a viscous medium. 

In this way, when the opposing surfaces arc^ h'ept parallel, a 
pressure filimj^s irriiiintaincd between them, and n consid^^rable load 
may be .,;>^)rted by G-D, so long rtrs AB is in rapid motion. The 
resistance to the motion of the lower plane is then due wlibily to 
the viscosity of the liqivd^film. Tt.ris5 however, somewhat^^in excess 

of the value obtained by the formula V — ri-^y for owing to the 

oil introduced at^D, the conditions of mqtion are not exactly 
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those shown <11 fig. 26. •No correction for this small difference 
be attempted. # 

Wc will in the first place deal with the conditions determining the 
volume V, introduced through the relative motion of the surfaces and 
the ctensity of the liquid. The viscous liquid resting upon AB at 
points distant f^om the surface (d), is moving with a velocity /q. 
At the point 1), when the velocity is considerable, the liquid is thrown 
against the opening between the surfaces, much in the same way as 
water from the combining cone of an injector is thrown against the 
orifice^ of the delivery cone. Its jiower of entering the opening may 
be regarded as proportional to the density of the licpiid and to the 
square of the velocity. It is almost independent of tlie viscosity ; for 
the entrance of the liquid is as much opposed by its adherence to CD 
Its it is assisted by its adherence to AB. 

No doubt, at low speeds, as the load urging the faces together is 
increased, the volume entering decreases more rapidly than does the 
distance separating the rubbing surfaces, until finally the marginal 
pressure of the imprisoned film prevents th • licpiid from entering at 
all, and the faces close together ; but when the speed is great*and the 
load is increased, there is reason to suppose that the liquid fads quite 
suddenly to get between the surfaces, which thereupon ‘seize.’ We 
may therefore assume that, except at low speeds, the volume, V, enter- 
ing is approximately proportional to where yq is the distance 

between the surfaces and h the length of the orifice at D. 

In the case of a rectangular bearing, the viscous licpiid is introduced 
along one side and escapes along the margin of the other three, and 
the huger the volume introduced, the more the bearing surfaces part 
in order to allow it to escape. 

The conditions attending the escape of the fluid may, therefore, bo 
well illustrated by taking the case of parallel surfaces approaching 
each other without tangential 
motion (fig. 28), ^ The fluid has 
to be squeezed out frojn between 
the surfaces, and since there is 
no motion of the fluid In contact 
with the surfaces, the horizontal 
velocity will be greatest half-way 
between them, nothing a^ 0 (the 
middle of CD), and greatest at 
the ends. Thi|| is for planes of 
infinite length in a direction 
perpendicular to tb plane of the paper. If in- certain state of 
'motion — shown by the dottec^ lines in fig. 28 — the^ between 

AB and CD be divided into ten equal parts by verticaf lines, and 
if those lines be supposed te niovc with tl\p fluid, they will shortly 
after assume the positions on the curveu' lines, in which the areas 
included between each pair of ^curved lines is the same as in the 
^ Osi^nie Reynolds, Phil. Trans,^ 1886, p.*173. 
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dotted figure. If it were not for the inertia of the fiuid, the lines 
would be absolu'oO, instead of approximate, ])arabolas. It can be at 
once seen that the curved lines indi(!ate the rates of distortion at 
different ])()ints, and, as force is recpiircd to maintain the rate of 
distortion at each plane constant, a vertical ■^)ressure, W, must be 
applied to force tlie licpiid out. Tlic pressure will^be greatest at 0, 
and will fall off towards the ends C and l>. 

111 the case of an ellipse of .semi-axes a and h, it follows from Osborne 
Ileynolds’ (*quations that the velocity of normal apjn'oach is proper- 

(vHrri 

Tliereforc, the escaping volume may he written 




A 


We thus obtain exjiressions for the volume, V, of tlie viscous Ihpiid intro- 
duce.d by the motion of the hearing, and also for the motion, Vj, of the 
liipiid pressed out by the weight on the brass. In order that the conditions 
of tlow Miay remain constant, these two values must he eipial, conseipit^ntly, 

■ V^^v. (6) 

v^W(a ^ + h ^)ii ^ 

h 

The left-hand term of this equation gives us the value of required 
to maintain the plates in steady motion, since F (equation 1) is inversely 
proportional to and directly proportional to 

.-.Foe ^ .... (9) 

which, in the case of a circle, when 6= a, resolves itself into 

Foe (10) 

and, as the coefficient of friction (/x^) is equal to the resistance F divided 
by the total load, 

'*1=^=' s/'^ ■ • ‘ • (O) 

The values of E,a,nd the coefi^cient of friction will, therefore, vary 
* with thft_i<hfl.|^onf the surface boundary, but will be constant’ for 
surfaces of* similar sh{i}>e8. Hence, in the case of the circle, ellipse, 
and Tectangle, we see ^hat, the prppprtions being unaltered, and 
the premises correct, the friction varies as the fourth root of the area 
of the surfaces. 

Experiment afjlpears to bear out this statement, for it has been 


and 

Therefore, 
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found that ttic * coefficient of friction of a pivot or plane surface is 
affected much less by the size of the hearing tliaii hy the velocity at 
which it runs or by the load which it carries, the pressure film being 
unbroken. 

Although in Tower’s experiments every care was taken to 
measure the friction between the surfaces, and to keep them in good 
condition, no attempt was made to ascertain the rise of temperature 
produced by different speeds and loads, or the value of the viscosity 
of the oil used. Some rcsistiiiice to motion must also have been 
offered- by the oil film surrounding the cylindrical portion of the 
footstep, but as the clearance is not given, and we do not know the 
viscosity of the oil, its magnitude cannot be calculated. 

^We are consequently unable to compare one experimental result 
quite satisfactorily with another. 

Assuming that the oil did not vary very much during the trials, 
and that the cylindrical footstep was a moderately loose' fit in the 
brass, wo may write from (11) 



N being the number of revolutions of the footstep, and 0 a constant. 

In Table fX. are given the values of C, calculated from Tower’s 
experimental results, the mean speeds of the footstep, the loads, 
and the frictional resistances. At low speeds, C has a high value, 
which increases steadily as the load increases, showing that the 
volume of oil entering is not proportional to EF . GF, and is not 
keeping the surfaces properly apart. At higher speeds, however, C 
actually decreases somewhat, until the heaviest loads are reached. 
The decrease is probably brought .about by the heating effect of the 
friction decreasing the viscosity of the lubricant, o ’ hy the fact that 
the force measured in the experiments was partly due to the viscous 
resistance of the oil film surrounding the cylindrical portion of the 
footstep. In all cases?, the higlu'st loads cause a small increase in 
the value of C, in spite of the fact that the viscosity of the lubricant 
must have been lowered b^> the heat generated by friction. Under 
these conditions the film would be thin, and the volume of liquid 
introduced by iU incitia somewhat less than when is large. 

Luhrication of Inclined Plane Surfaces . — As a rule, even when the 
rubbing surfaces are plane, the opposing surfaces arc free to adjust 
, themselves accorfting to the position of the load they carry and the 
distribution of pre.^sure in the film keeping .them apart^ The 
conditions^ under winch the l^ibricant then acts 'differ somewhat 
from the (;ase of parallel plane surfaces. In the latter case, it is 
to the inertia and visrosK// of the lubricant that we must attribute 
the prose' -ce of the pressure fllfli ; but wl^Ti the faces are able to 
become inclined, the liquid wedges itself between them and forces 
them apart. The conditions then obtaining ha^ been carefully 
considered by Osojlne Kcynolds, and merit close attention, as^^it is 
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to this actioij that he astribes the great carrying power of cylindi!fc£ 
bearings. ^ 

As to the frictional resistance and carrying power of plani 
surfaces, such as engine slide blocks, whick become slightly incline 
to ea#li of the faces t^iey run u]>on, no experimental results have ye 
been obtained which can be compared as regards accuracy wit! 
Beauchamp Tower’s tests of 
pTVot bearings. 

In fig. 29, AB is a plane 
surface, of unlimited length 
and breadth, moving in the 
direction of the arrow beneath 
the inclined surface CD, which 
«s of limited length and of 
very limited breadth, in a A 
direction perpendicular to the 
paper. Omitting the effects Pjq 29 . 

whicli would be produced by 

the inertia of the liejuid, the conditions of How are as follow : — 

At the lower edge of D, where the liquid enters between th 

surfac.es, the volume introduced is proportional to . 

How(;vcr, owing to the inclination of the surfaces, the volum 

F F OK 

passed out at the edge C is only proportional to _J— i. 

When the surface CD is of consideral»le area, and the planes a7*e ver 
close tngrther, the excess of oil or other lubricating fliiid introduce 
at the edge D must esca])e ; but this is opj)oscd at all points by th 
viscosity of the li(juid. The oil, therefore, tends to accumulate, an 
a pressure is set u]) whicjh forces tin; surfaces a])arL until the load : 
sufficient to prevent further recession. In this respect, the action : 
similar to that we have already described as resulting from the inerti 
of the entering fluid. 

According to Osborne Reynolds, the effect reaches a' maximum f( 
bearings of such diui^oisions as are used in priactice when EF = 2 
KjFj, and owing to the gretiter freedom with which the lubricai 
can escape at fiie end D and the sides near it, the point ( 
maximum pressure :s somewhat nearer C than D. The cur\ 
at the top of the figure indicates, approximately, the pressure j 
differtnt jioin^s of such a film, tending to force the surfaces apar 
The direction in which the load acts, normal to AB, ^ 
necessaiily coincide with p, but with the centre of the area enclose 
by the curve and base line oMhe pressure ordinates. , 

T he pressure exerted by the film must always be *hqual to tl 
resultant external force which, neglccthig the obliquity of CD, 
perpendicular to AB, and tends to force surfaces together. Wh< 
the surfaces are free to assume any position, the pressure of the fill 
inclination of surfaces, etc., adjust themselves t^ suit the load ai 
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its 'point of application, and the nearer tho surfaces tye caused to 
approach each o^her^ the greater is the friction and consequent 
pressure for the same velocity. 

The relations obtaining between the load, pressure, etc., under 
these circumstances, have been determined by f)sborne lleyiiolds. 


In the case of a surface CD of infinite width in a direction perjiendicular 
to tlie jiaper he makes • 

..... (.. 

and the force required to keel) tlieni in relative niotion^ 




. ll4) 


»‘(l 

f 

Therefore, 


. . . (ir,) 



and 

Fee • • 

. . . (ifi) 


Luhricafion of Cylindrical ^Surfaces . — The cylindrical is by far 
the most common form of bearing surface, and is the one with 
which most of the experiments r-ecorded have been made. Until 
Beauchamp Tower’s results weref^ublished, little was really known 
concerning the effects produced by varying the method of applying 
the lubricant, lie showed that many of the methods in use were 
very imperfect, tlie oil holes and oil ways often cutting across those 
portions of thuo surfaces where the pressure of the film should be at its 
greatest, and allowing the lubricant to escape. With properly-shaped 
brasses resting upon well lubricated journals, he succeeded in 
obtaining results whiidi wore proved by Osborne Jlcynolds to be in 
accordance with hydro-dynamical theory. The niethod of applying 
the lubricanti, and the machine with which he experimented, are 
described in Chapter IX. 

A brass whieh has been running for some time upon a lubricated 
cylindrical journal wears in such a way that the radius is always 
slightly greater than that of the journal. When forced into contact, 
therefore, the brass and journal do not touch over the v^hole of their 
surfaces. On the other hand, when the journal is in rapid motion, 

^ It must be clearly borne in mind that the load carried may bo modified very 
largely by varying the direction in which it acts, for the ihclinatioii of the 
sur‘‘«,v;v,..'V."'.rie8 according to the distribution of the pressure,, etc. Both in the 
caiJe of inclined and iiarallel surfaces inertia effects, yireviously consid#ied, must 
•show themselves. TtTo wedging and the inertj/^ actions, however, as will bo sien 
from equati&ns| (irO and (16). have similar effects upnn the relationships be.iweon 
^he coefficient of friction, the .speed, the load, and the viscosity ; but the 
relationships between these vaj^eos and the are", tan J shai>e of the bearir^q^do not 
. appear to be quite similar. Still^'t is clear that, as is the ease with contaminated 
and clean surfaces, the coefficient of friction of parallel plane surfaces is only 
slightly affected by jiasiations in the area of the surfaces in contact. 
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if the weighty on the brriis is not too great, the surfaces are sepanftccl 
from each other })y a continuous oil film. Fig./ 30 represents, in an 
exaggerated manner, a section througli such a brass and journal, 
the latter being supposed to rotate in the direction shown by the 
arrows • 

The curved surfaces AB and (B) have their centres at I and .1, a 
line drawn through which indicates the position of nearest approach 
K^l^Y Between EF and E^F^ the distance separating the surfaces 
decreases, the triangle E^h^Uj is consequently smaller than EFG, and 
therefore the lubricant which is brought up by the rotation of the 
journal and forced into the narrow space between the journal and 
the brass becomes compressed in its passage forward and tends to 
force the surfaces apart. On the other hand, as we go from EjFjGi 




towards CJ the faces recede, and were it not for the How of oil from 
the jJortion where the liquid undergoes comprr^ iion, the pressure 
might be, and, indeed, sometimes docs become, negative.^ 

When there is no load, the conditions are as illustrated in fig. 3L 
Here the vertical i)rossures are shown by the curved lines on the 
top of the figure. On the right-hand or ‘ on ’ side the pressure is 
positive, whilst on the left-hand or ‘off' side it is negative, and the 
vertical components of these pressures balance each other. On the 
other hand, tlie horizontal component of the pressures to the left 
and right, indicated by rhe curves at the sitles, will both act on the 
brass to the right, and as these will ijicrease as the surfaces approach, 
the diste,nce corresponding to ,11 (fig. 30) must be exactly such that 
these components bo lance the resultant friction. 

The thickness of the film at different points, and f he variations of 
• ♦ • 

^ In th(' American Machinist fur Sept. iO 1903, JI. F. Moore s^tes that in 
coiij unction witli G. A. Morgan lie constructed a small dynamo, in which the 
bearings ci^tirely surrounded the ,j!)uriia]. By iiiffl)ly leading a ]»ipo from a 
reservoir of oil to that part of the bearing where the pressure would be negative, 
if anywhere, it was found that the bearing would suck in oil from a reservoii 
six inches below, and thus lubricate itself. ^ 
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the position of with different loads, •have been ^worked out 

mathematical ly by (isborne lleyiiolds, whose exact equations give 
results which agree very closely with the experimentally ascertained 
facts. J<or the full treatment of the subject the original papers 
should l)e consulted, as the results only (;an be here. « 

Influence of Load and Speed. — hi the case of plane surfaces^ 
whether or inchnedy the frictumtd resi^taitre proportional 

to the rf/uare root of the loa</. (Cylindrical surfaces, however, owi1?g 
to their curvature, cannot sef)aratc sufficiently, whilst still sustaining 
a lond, to give this result, for when the load is increased F^Fj 
decresises, tlie lul)i-icant is prevented from escaping on all siaes as 
freely as before, and EF, i.e. the distance between the brass and 
journal on tlic ‘on’ side, increases. Consecpiently, as the load is 
inereas(‘d, the positive vertical component to the right (tig. 
increases and f)verl>alances the negative component to the left, which 
decreases, and EJ<’,, the jjoiut of nearest approach, moves to the left 
until the load reaches a partuailar value ; above tliis load the point 
of nearest approach moves back towards (). During this change in 
the position of EjF^, the thickness of the film at different points alters 
in such a way that the viscous resistance whicdi it offijrs to the 
motion of the journal remains nearly constant ; and the friction of 
jotmiids Uy^ ihercforcy praciicalli/ independent of the had when the 
f^peed, ts mfficjeid to 'maintain a 2y^ssHre film heftceen the two surfaced. 

Ac(jording to this reasoning, the friction at high speeds and with 
perfect lu])rication apj)ears to be, ceteris parihvSy approximately 
proportional to tlie area of the contact surfaces, the sj)ced of the 
journal, aiid^the viscosity of the lubricant, and nearly independent 
of the load. 

Bcifore the journal commences to rotate, the lubricant being a 
viscous one, the load will liave brought the brass into contact with 
the former at 0 (fig. 31) ; but at the ends it will be separated by an 
appreciable space from the journal. At startiiu), and at venj tow 
speed Sy the surfaces being in contact, there is fric/don of solid upon 
solid, the c(tejficient of friction is large, and the surfaces undergo some 
abrasion ; but as the velocity of the joiirnal increases, the surfaces 
gradually become separated by an oil film, more particularly if there 
be a plentiful supply of lubricant. Thickening of the film, as wo 
have seen, can only take place to a limited extent, owing to the 
curvature of the suite, ces, so that with increasing speed the resistance 
hecomes more nearly projiortional to the speed and le^s affects^ hy the 
At the outset , as with plane surfaceSy wher^ the od film has. 
scarcely estahUshed itself, the friction, ceteris paribus, ikuries with 
changes 4 f load. However, owing to^the curvature of the surfaces, 
the film vA'y quickly ivaches a maximum thick less. 

Table X. gives the results obtained by Beauchamp Tower with 
bath lubrication. ^ 
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TabiA X.— Bath of Olivp: Oij.. Teaweraturk 90^ K 
Joiinial, 4 ill. wide x 0 in. long. Cliord of Arc cif contact =3*92 in. 


Xonviial Load. 
Lbs. per sq. in.i 


520 

468 

415 

363 

310 

258 

205 

153 

100 


^ The nominal load per square inch is ^he total load divided by (4 x 6). 

riic loads ranged from 100 lbs. to 520 lbs. per scpiare inch, 
loniinal, and yet for each speed the frictional resistance was nearly 
i constant. Above speeds of 100 feet per minute hnv speed, effects 
lo not show themselvesy and the coefficient of friction will he seen to he 
learhj proportional to the square root of the speed instead of to the 
ictual speed. Osborne Keynolds considers this as due to the fact 
;hat when tlie speed is increased the rate of shear which the film 
indergoes is likewise increased ; the film becomes heated, its 
dscosity is decreased, and less resistance to motion is q^icountered. 

(loodman has also published some results which he obtained with 
lifferent speeds and diflerent methods of lubrication, and which arc 
;iven in the following talile : — 


Nominal P’ticiional Resistance per Square Inch of Bearing Surface. 


105 ft.* 

157 ft. 

200 ft. 1 

262 ft. 

314 ft. 

306 ft 

419 ft. 

471 ft. 

]|pr Min. 

per Min. 

per Min. per Min 

per Min. 

per Min. 

per Min. per Min. 


•416 

•520 

•624 

•675 

•728 

•779 

•883 


•514 

•607 

•()54 

•701 

794 

•84] 

•935 


•498 

•580 

•622 

•705 

•787 

•870 

•995 


•472 

•580 : 

•616 

•689 

•725 

■798 

•907 

•361 

•464 

•526 1 

•588 

■050 

•680 

•742 

•835 

•438 

•515 

•592 

•644 

•669 

•747 

•798 

•368 

•430 

•512 

•572 

■613 

■675 

•736 

•818 

•351 1 

•458 

•535 

•611 

•672 

•718 

•764 

•871 

•300 i 

I -450 

•550 1 

•630 

•690 

•770 

•820 

1 

•890 


Table XI. — Resistance at Different Si’eeds. 
Load, 300 Ihs. Temperature, 40"' C. Brass, *5 in. x 4 in. 


Oil Batlt. 

Saturated Pad. 

*>ily 

Feet per Min. 

CoortKuent oi 
P’fiction, ju]. 

• 

Feet per Min. 

Coefflciont <jf 
Friction, 

Feet per Min. 

2-6 

•1610 

4-70 

•1610 

5-2 

7-8 

•0630 

7-80 

•0910 

7-8 

IL-O 

■0140 

13-61 

•0700 

11-0 

15-7 

•0052 

38-20 

•0021 

17-3 

57-1 

'%0\1 

88-50 

•0024 

27-2 

67-(f 

•00J7 

in-50 

•0028 

61-3 

•I03-7* 

•0021 

122^ 

•0035 

88-5 

^22-0 

•0028 

149-70 

•0063 

122-0 • 

146-6 

•0035 

18^-20 

•009gL 

161-0 

164’^ 

•0038 

213-60 

•01*6 

183-0 

183-2 

•0042 


... 

209-4 

^2‘9 


Cocflicient of 
Friction, m. 


1540 

0560 

0021 

128 ^^= 

0042 

0070 

0091 

0126 

0168 

0217 

0252 



D 


^03 

‘Cvuv-MetoL 

Sperm/ OUj 

Top & Lower SvLfilv 

- 

Tower 

tm 


Melted Oreo/^ 
Muuerotl Oil 

TopBtu^K 

E 

QQIIII 

JTvOcel 

SteeU 

&ajvMetaL 

IHa>269lfm 

Jmperutl/''0’ 

(hV. 

MowereBwsfv. 


Fig. 32. 


0. Lastjli^^ has made! au claborato^series of •ixperimeiits oii^the 
friction and lubrication of motor bearings at journal speeds rising to 
nearly 4000 feet per miinft/^^ and at pi’essures up to 213 pouf^ds per 

^ Traction and Transmissiotiy Jau. 1903, j>, 33. Wr are indebted to’ the 
proprietors of Engiifie^lng for the use of the blocks of ligs. 82 and 33, borrowed 
from their paper. 
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square inch. • Measurenfents of the friction vviere made under varying 
conditions of load, speed, temperature, fit of be^rinjs, and method of 
applying the lu))ricant, tlie results generally confirming those obtained 
by Tower and Thurston. Meas\iremeiits were also made of the work 
cxpeilded in overcoming friction, and of the dissipation of heat from 
bearings by con(^iction, radiation, and by the fiow of oil between the 
friction surfaces. 


As regards the influence of speed on the coeflicient of friction, 
Lasche shows that the results obtained by Tower, Thurston, and in 
the a^ove experiments, which were carried out for the Allgemeine 
Elektricitats-Gescllscbaft of Berlin, are in agreement with Stribeck, 
who found that above very low speeds and up to speeds of 2*5 metres 
per second (492 feet per minute) the frictional coefricient increases as 
fho s(piare root of the speed, as shown by Tower. From ii'f) mefreti 
to Jf.'0 metres per .second {7SS fed per minute)^ however^ the rate of 
inn'e.am wai^ found to ajrproach the fifth root of the speedy as found 
by Thurston^ and at stilt hiyher speeds the influence of velocity was 
observed to (jradually disajrpear, and above speeds of about 10 metres 
per second {1070 feet per minute), the friction roeflcienf became 
practically independent of the I'elocily. The diagram (fig. 32) by 
Lasche graphically compares the results obtained by Tower, Thurston, 
and himself in so far as they cover the same experimentfil ground. 

Osborne Reynolds concluded from his theoretical investigation of 
the friction of lubricated journals that if the viscosity of the lubricant 
remained constant the friction would increase proportionally to the 
speed. Owing, however, to the fact that the heat residing from the 
viscous friction of the lubricant raises the temperature of the whole 
of the bearing above that of the atmosphere, and also locally raises 
the temperature of the oil film very considerably, the viscosity of 
the lubricant decreases with increasing speed, aiul consequently the 
friction increases at a less wohkcf F.,. cT,o„RiBuca,wv-,m.Pasic. 

rapid rate than the speed, it). oergnMiNM by faction balahcb. 


The extent to which the 
viscosity of any particular 
lubricant decreases with 
increase of temperature 
depends, of course, upon 
the nature of the oil, the 
rate at which it is supplied 
to the* bearings and the 
rate at which th^ bearing 
loses h^ by radiation 


iZ] 0 DETERMINED BY CALORIMETER. • 

(3} * DETERMINED WITH^MOTOR 



and* conduction. H?nce TernperaUwe oTMearj^in/CJ)^. 


diffef^nt observers, ex> 


Fro. 33. 


perimenjjng with different •• • 

oils and different machines, have obtainea results which have not 


agreed absolutely. But the results given above no doubt express 
the facts approximately. ^ 
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Diagram fig. 33, dim to Lasche, shows tlie work required to over- 
come friction in 1^1 at?i on to the iiearing temperature. Tt is seen that 
the fri{jtion diminished witii rise of temperature of the bearing and 
oil U]) to a])Out lln (>., and lliat beyond this the friction increased 
again nipidly. The oil, in fact, l>ccame so t^iin that it cea? 5 ed to 
lubricate. ^ 

Presmre of ihe Oil Film. — By means of a pressure gauge and ^of 
holes drilled in the brasses, Tower was able to measure the pressure 
of the oil film at various points of the surface. 

big. 34 shows the exact curve of pressure calculated by (Jlyborne 
Keynolds under conditions corresponding very closely with those in 



bTo. 34. Fig. 35. Fio. 36. 


one of Tower’s experiments, in which, by means of a pressure gauge, 
ho actually measured the pressure of the oil at several points in the 
film. The observed pressures as jjlotted by Tower are shown in figs. 
35 and 36. In this experiment, when the load was 100 lbs. per square 
inch, and the temperature was 70“ F., the thickness of the film at 
various points must, according to Osborne Eeynolds, have been as 

folirnvsj:— 

Eadius of brass - radius of journal = -0007 7 in. 

(point of nearest appy)ach) = -000375 ,, 

sVngleOJF . . . =48“. 

The possible motion the lluid*>t.i a direction at right angles 
to that of the motion and parallel with the r,xis of the journal 
has not yet been referred to. In practice, the length of brasses is 
necessarily limiteci, and tl^(5 oil can escape laterally. JSuoh an escape 


OP Tower’s Experiments. 
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will obviously prevent the pressure of the^oil film f#bm reacliing 
its full height, except at considerable distances from the ends of the 
brass, -ud will cause it to fall to zero at the extreme l3nds. 

Tlie lubricant does not, therefore, all flow in a direction parallel 
with the dircctioTi of motion, except at the centre, but follows 
paths curved from the centre of the brass, some reaching the sides 
and es(taping. 

T(nvcr measured the pressure at several points along the brass in a 
line throiigli O (fig. 31), and found it to follow the curves of pressure 
shown ill iig. fih, which correspond to those which miglit be expected 
to result from an escape of oil at the free ends. 

Influence of VisrosUij. — J ust as, owing to the fact that the lubricating 
film can only thicken to an extent depending ujion the difference 
between the radius of the brass and that of the journal, the frictional 
resistance is practically independent of the load, so the friction of a 
eylmlrieul jouTUol should he proportional to the rdscosify of the 
luhriranf. 

The effects of viscosity have been experimentally determined by 
Beauchamp To.»fcr for various speeds above that at which the pressure 
film is fully formed,. The lubricant used was lard oil, the viscosity 
of which was varied by heati\||f the journal and brass. The viscosity 
of the lard oil used was not specified, but Gooflman gives its probable 
comparative values at the temperatures stated. 

Table ''XII. is taken from Tower’s paper, with the addition 
of a column giving the comparative viscosities. The experimental 
results will be seen to be entirely in agreement with theory, the 
friction at each speed and temperature being Jis ncfirly proportional 
to the viscosity as can be expc(jted when the experimental difficulties 
to be overcome are borne in mind. With increasing speed, however, 
the temperature of the oil film is raised more and more above that of 
the metalljc surfaces, and the friction ceases to be proportional to the 
speed. 

In the experiments on the pivot beimng it was pointed out that 
tlie slight disagreement between experiment and theory might be 
accounted for by the beating of the film. With parallel surfaces the 
friction varies only as the square root of the viscosity. No very 
marked effect was therefore to be anticipated from this heating, 
especially as the speeds were comparatively low. „ But in the case of 

journal where the friction is proportional to the viscosity, the effect 
might be very marked. Indeed, there are grounus for b; lieviiig that, 
as Osborne Reynolds contends, tie reason why the re;^istanee does 
not, in the case of a journal, increase at a rate proportioiiKl to the 
speed is that the rajiid distortion which the oil suffers, heats it and 
lowers its viscosity. ' 

Change of viscosity also has a considerable effect upon tlie carrying 
power. Tabl^ XIJL, l^y Goodman, shows the effect which a ehange 
in the viscosity, brouglit about by rise of tempij'ra’ture,, has upon the 
frictionaj resiAc^ned and carrying power of a journal, the speed being 
7*8 feet per minute. 
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« TajJle XIII. — Oil-bath Lubrication. 
Speed, 7*8 feet per miinite. 


^ Temperature 40 

• 


30“. 

20°. 

Load 

m . 

V . 


E . 

fij . 

F . 

Lha. 

Lbs. 

Lba. 

Lbs. 

50 

•0061 

'30 

'0080 

'40 

'0084 

'42 

, 100 

'0038 

'38 

'0041 

'41 

'0042 

'42 

150 

•0027 

'40 

•0028 

'42 

'0028 

'42 

ilOO 

■0020 

'40 

'0021 

'42 

•0021 

'42 

250 

■0016 

'40 

'0021 

'52 

'0019 

'47 

300 

■0017 

i '51 

•001 7 

•51 

'0016 

'48 

350 

'0021 

. 1’22 

•0015 

•52 

'0014 

'49 

400 

'0020 

1 ri 6 

'0016 

•64 

•0013 

•52 

450 

•0042 

1'89 

'0010 

•85 

'0013 

'58 

500 

'0180 

9'45 

•0044 

2*20 

'0029 

1*45 

550 

'0515 

28'33 

'0126 

6 03 

'0704 

42'03 

560 

'05 f )2 

31 '48 

'0142 

7-05 

'0937 

52-47 

580 

'0724 

42'00 

'0253 

14 68 

'1086 

63'00 


The actiiul AMscjosities at the toin])eratures of the experiments were 
not determined. Idicy must, however, have been greatest at the 
lower temperatures, and ricp verm. Although the speed is low, there 
is, on the whole, a reduction of the friction as the temperature 
increases, when the loads are small, but not so marked a change as 
jiiight be ex})ected. It will also bo noticed that the greater the 
viscositg, the greater the load which the hearing will carry without 
undue friction renutting from the failure of the prensnre film to form 
properly. In this tiible the loads between which the coefficient of 
friction has a minimum value have been printed in heavy type. 

The reduction in tlie frictional resistance w'hich results from the 
lowering of the viscosity by tin; heating of the lubricating film is by 
no means advantageous, and accounts in a groat measure for the 
failure of bearings t(j (;arry heavy loads at higli speeds. The heating 
is most severe when the film L thinnest, i.e. at the point fig. 30. 
Reduced viscosity at this point greatly lowers the carrying power of 
the brass. Again, il’ from any cause the bearing should become warm, 
mineral ^ils become very fluid and cease to lubricate properly. 

Influence of the Area of Beating Surface. — With parallel plane 
surfaces it was foun:' 'hat the friction does not increase muffi 
the a»*ea is increased, I'or an increase of area brings about ap increase . 
in the thickness of the fili!l. Rut here again a cylindfical form of« 
bearing gives a diflerent result, the frictional resistance being more 
neaily proportional to the area, owijg to the fact that when the 
speed is moderately high the film has a fairly constant effective 
thickness under all loads. * 



Table XIV — Bath Lubrication (Goodman). 
Length of Brass, 4 Inches. Speed, 121-9 Feet per ^[in. 
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Tabic XIV., ^i^ing the results of some experiments by Goodman, 
brings this out very clearly. The fri(3tional resistance at different 
loads docs not vary very much. On the other hand, the long narrow 
brass^ offers a very much smaller resistance to the motion of the 
journal than do©s the brass having a chord of contact measuring 
2 inches. The area of the surfaces is in all cases proportional to the 
l^igtli of the arc of contact which is given for each size of brass. If 
the film were of even thickness throughout the length of the arc, the 
friction would be simply proportional to its length. The film, how- 
ever, is much thicker on the ‘on ’ side, where the lubricant enters, 
than it is nearer the centre of the brass. The resistance offered to 
the motion of the journal by those })ortions of the l)rass respectively 
near the ‘ on ’ and ‘ off ’ sides are, therefore, less than the friction near 
the middle of tlie bearing, and, as the brass is cut away at the sides, the 
thi(;kncss of the film is also very slightly reduced. The reduction of 
the resistance is, therefore, not quite proportional to the reduction 
of the area, as will be seen by comparing the lengths of the arcs 
with the mean frictional resistances. A closer approximation of 
the obtained results witli theory cannot be expected, as cveiything 
depends u[)on the curvature of tlie surfaces remaining unaltered 
during the experiments. 

Injiuenrc of fhe Method of LuJrrieation. — As stated on p. 56 tho 
method of lubrication has a much greater influence on the friction at 
high than at low speeds. The results given in Table XV. by Goodman 
illustrate this. 


Tauuk XV. — Influence of Method of Luhiucation and Contact 
Ahea upon Frictional Kesistance. 

Length of Hearing, 4 Inches ; Speed, 122 Feet ])er Min. 



Width in Inches of Uliord of Bearing Surface. 

Mothoii of Liiliricjitio]). 

2-0 

1-75 

IT) 1 I’O 

0-5 

• 



Frictional Itesis'tance in 


Oil-bath, . . * 

2-89 

2*42 

2*14 J-18 

0-82 

Saturated pad, . , 

4-47 

3*98 

2-49 j 2-10 

LOG 

Oily pad, . . . i 

7-97 

6-62 

5-80 i 3-80 





• 



Hath or ‘perfect’ lubrication is obtained by allowing the under sid? 
of the journal U, dip intoji bath of the lubricant. In this w'ay the 
journal picks up and throws against l!he brass a thick film of oil, and , 
the result is ‘perfect lubrication,’ i.e. the thickest film is secured 
whicli the bearing can automatically maintain. 



'84 


LUBRICATION AND LUBRICANTS. 


Pad liibrication is obtained hy pressing a woMlcn • or felt pac 
soaked with the Inljricant against the journal. When the pad rest 
in a bath of the lubricant and is kept thoroughly soaked, the result 
obtained are not greatly inferior to those given by the bath. When 
however, the supply of oil to the pad is deficient, the difierebce ii 
marked, as will be seen from the results given in the table. 

Alternaimij — In some cases the loads upon bearings an 

V)y no means constant, for the faces often alternately approach am 
recede from each other. When tliis is the case, and the alterna 
tion is very rapid, the bearing wull carry a very great weight, for a 
each alternation the pressure is completely relieved, and the <5i 
‘ trapped ’ cannot be ex[)elled during the short time the load rests oi 
the bearing. 'Jdie large' ends of connecting rods may be instanced ai 
cases in jxnnt. Here, altliough the pin is rapidly rotating in the 
brasses, tlm load freMpicntly reaches several t(»ns per square inch. Oi 
the small end brasses the load may be even greatei', for the angula: 
movement of the brass on the pin is only small. ^J’he reason why th( 
lubricant cannot escape whilst the pressure lasts is doubtless that th( 
volume of oil \vhi(;h can be ‘ scpieezed ’ out by any particular load ii 
proportional to the cube of the thickness of the film. 

Wear of Cylindrical Bearing Brasses. — To obtain a low coefficieir 
of friction when the bearing surfaces aro cylindrical in form, tin 
radius of the journal must be rather sui|41er than that of the brass 
so as to leave space for a film of the lubricant to insinuate itsel 
between the surfaces. When the bearings have been newly anc 
accurately fitted, together, the friction is generally high, but aftei 
they have been at work for some time, the resistance is found t( 
have largely decreased. This results mainly from the altered shapi 
of the brasses consequent on wear. The exact nature of the weai 
which takes place in rubbing surfaces is, therefore, of the iitmosi 
importance, for upon it depends very largely the frictional resistanc( 
of the bearing. Unfortunately, this aspect of the question has oiilj 
received a very small amount of attention. Indeed, until mor( 
ev idence is forthceming concerning tlu^ results of wear, we have m 
guarantee that the friction is really indepen(^ent of the load ; fo: 
there is every reason to believe that upon the load largely dependi 
the shape the surfaces assume from wear. Thus, although whei 
the surfaces have arrived at a certain shape, rapid changes of load d( 
not alter tlie frictional resistance, it is not unlikely that for eacl 
load, if it act for any length of time, there is a diflcrent curve o 
bra^and therefore a different frictional resistance. 

* .As at high speeds the oil film is practically continuous and Iwjopf 
the surfaces quite apart, such wear as then occurs must result •fron 
^he intrusion of solid particles rather larger in diameter than tin 
thiokness -of the lubricating film. I>ut, doubtless, the chief wca] 
takes place at low speeds w'liOff the surfaces are in contact. Adoua 
abrasion then occurs. 

When moving very^lowJy, the brass actually touches the journa 
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at E^F (fig/30)/or even on the ‘on’ side of 0 (fig. 31), but at 
ordinary speeds the licpiid is wadged between the surfaces and keeps 
them apart on this side. Thus the 'wear is almost wholly on the 
‘olf’^ide, where, except at considerable speeds, the surfaces touch, 
and the brasses ^Iien not very narrow are worn to a larger radius 
than that of the journal. When the joiimal is not in motion, the 
point of contact will be at 0 j consequently, as the speed changes, the 
position of tibrasion will also change. The action is the same whether 
the brass be lubricated by a siphon supplying oil to the crown of the 
bearing, or by a jmd beneath the journal. However, when the chord 
of the arc (jovered by the brass is small, the wear tends to become 
more evenly distributed over the whole bearing surface. Even then 
the wear tends to make the radius of the brass larger than that of 
the journal, and thus renders efficient lubrication possible. 

In the case of railway journals and brasses, the wear is sometimes 
on one side of the brass and sometimes on the other, according as 
the direction of motion of the vehicle changes ; but when the shaft 
or journal always rotates in the same direction, the wear is always 
on the same side. This one-sided wear often disturbs the adjustment 
of mechanical oil-testing machines, and effects arising from this 
cause should always be looked for. 

Air as a Lubricant. — The action of a lubricant in a journal 
bearing has been ingeniously illustrated in a machine designed by 
I’rof. A. Kingsbury.^ The 'following description is taken from the 
Chemical Trade Journal^ vol. xxvi. p. 232 : — 

'JMie machine consists of a steel piston or short shhft to be rotated, 
and a cast-iron ring or (i 3 dinder which acts as a bearing for the shaft, 
the whole being supf)orted on rollers mounted on a suitable frame. 
The shaft weighs 50i lbs., is 6 J inches long and fi inches in diameter, 
and its weight constitutes the total dcfwnward pressure on the’ 
bearing. The diameter of the cylinder is slightly less tb'in ^ inch 
larger than the shaft — a fairly loose fit. Both cylinder and shaft are 
ground exactly parallel. 

The cylinder is set horizontally, the shaft inlscrted (both beitig 
perfectly clean and dry), and rotated with tlic hand by the handle 
at the end. Tt can be turned witii difficulty at first, and the harsh, 
grating sound of metal rubl)ing on metal will be heard. With an 
increase of speed, however, this grating ceases and the force required 
to turn the shaft is materially decreased until, after a few revolutions, 
tlie shf5t I :;comes entirely free from the cylinder and rotates on the 
film of air between. Set rotating at, say, 500 revolutions per i»inute, 
it itdll continue to rotate four or five minutes. If allowed to run, the 
speed gradually decreases from the start until, suddenly’ the pisto^ 
breaks through the intervening layer of air, and a few more revolu- 
tions suffice to bring it tii a sudden ^top. If a more conclusive proof 
is required that the shaft is entirely ifeparated from the eyliiider, an 
electric bell may be included in a circuit of which ithe shaft is made 
^ Jour, Amtr. Soc, Na^l E^igiueers^ 1897. 
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one terminal and the cylinder the other, when it will bi) found that 
the bell is silent so long as thb shaft rotates at any considerable speed. 
It is interesting to note that with this machine Kingsbury found the 
minimum (joedicient of friction of the journal lubricated by air to 
be 0*00075, which is nearly the siirae minimum coefficient as he 
observed with oil as a lubricant when the lubricating film was perfect 
(see p. 3G4). ♦ 

Ball and Boiler Bearings. — Of late years ball and roller beai’ings 
have come into very extensive use, having been found very suitable 
for slow stopping trains, motor-cars, cycles, dynamos, and other 
machines the Ijcarings of which have to carry moderate loads. 

One of the early forms of ball-bearing known as the ‘lludge’ was 
experimented u[)on by Goodman. The results of his experiments are 
given in Tables XVI. and XVII. The results with the white ‘ neutral ’ 


Taht.k XVT.— Hudoe Ball Beahino. White ‘Neutral’ Oil. 



Sliced, 19 Revolutions 

Speed, 157 Revolution B | 

Speed, 350 Revolutions 


per Minute. 

per Minute. 1 

per Minute. 

Load 
in Lbs. 







1 Frictional 
of Friction. i-K-esisUiu e, 

/■ 

Coofticient 
of Frietlon. 

Frictional 

lle’istance, 

Lbs. 

Coeflicient 
of Friction. 

Frictional 

Resistance, 

Lbs, 





f 



10 

•0060 

•06 

•0105 

•10 

•0105 

•10 

20 

•00-^5 

•09 

•00()7 

•13 

•0120 

•24 

30 

•0050 

•15 

•0050 

•15 

•0110 

•33 

40 

•0052 

•21 

•0052 

•21 

•0097 

•39 

50 

•0054 

•27 

•0054 

.27 

•0090 

•45 

60 

•0050 

*30 

•0055 

•33 

•0075 

•45 

70 

•0049 

•34 

•0054 

•38 

•0068 

•47 

80 

•0048 

•38 

•0062 

•49 

•0060 

•48 

90 

•0050 

•45 

•0068 

•61 

•OOGO 

•54 

100 1 

■0058 

•58 

•0069 

69 

•0057 

■57 

110 

•0054 

•59 

•0065 

•71 

•006(. 

•66 

120 

•0055 ‘ 

•GO 

•0075 

•90 

•0057 

•68 

130 

•0058 

•75 

•0078 

1-01 ^ 

•0062 

•81 

140 

•00.56 

•78 

•0077 

1-08 

•0060 

•84 

150 

•OOGO 

•90 

•0083 

1-24 

•0062 

•93 

IGO 

•0075 

I 1-20 

•(i081 

1-29 

•0058 

•93 

170 

•0079 

1-31 

•0078 

1-33 

•0055 

•93 

180 

•0079 

1-42 

•0078 

1-40 

•0053 

, -95 
1-03 

190 

•0087 

1-65 

•0076 

1-44 

•0054- 

. 200 

•0090 

1*80 

•0081 

1-62 

•OOfiO 

1*20 

Mean 

if ■ 

•0060 


•0070 

i 

1 *0071 



Vil are rather irregular, but their average clearly shows that, as with 
the pale American oil,. the coefficient of friction varies very little with 
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modcrjite loads ; ilic frictional resistance, therefore, varies almost 
directly as the load. 

To ascertain the effects of viscosity, the bearing was heated by a 
Bunsen gas-burner from 20“ to 60“ (^, but no difference could be 
detect(?d in the fritition. The experiment was repeated with different 
lubricants, loads, and velocities, with the same negative results. In 
the case of ball bearings, a lubricant only alters the area in contact 
ov5r which slip takes place, and although it does not decrease the 
friction it prevents undue wear, and prolongs the life of the bearing. 


Table XVII. “Rudgk Ball Bearing. Balk American Oil. 



Speed, 19 Revolutions 
per Minute. 

Speed, 167 Revolutions 
per Minute. 






L1)8. 

CoeHitient 

of 

Friction. 

Frictional 

Resistance, 

L1»3. 

Coelliciont 

of 

Friction. 

Frictional 

Resistance. 

Lbs. 

10 

•0075 

•07 

•0060 

•06 

20 

•0075 

•15 

•0075 

•15 

40 

•0071 

•28 

•0075 

•30 

G 8 

•0070 

•12 

•0075 

•45 

80 

•0071 

•57 

■0071 

•57 

100 

•0073 

•73 

•0072 

■72 

120 

•0071 

•85 

•0069 

•83 

140 

•0072 

BOl 

•0067 

•94 

160 

•0072 

1-15 

•0066 

1*06 

180 

•0072 

1-30 

•0066 

1-19 

200 

■0073 

1-46 

•0066 

1-32 

Mean 

•0072 


•0068 

1 

1 


From these experiments the following laws, therefore, are 
ducible ; — 

1. The coefficient of friction is nearly constant for all ordinary 

loads; hence, unlike lubricated cylindrical bearings, the fric- 
tional resistance vaides directly as the load. 

2. The friction is unaffected by change of tempeniture, and there- 

(pre by moderate changes in the viscosity of the lubricant. 

ff’he coefficient of fiiction of ball bearings at high speeds is rather 
higlier than that of ordinary bearings when bath or saturateTi' pad 
lubrication is used, but less than the friction of ordiniiry brasses 
when the latter are lubrlc^ftted by less perfect methods. <■ The friction# 
of ball and roller bearings is also small at very low speeds and with 
srnaSl loads, much smalleMndeed thaitj^ould be obtained with ordinary 
bearings at such speeds, even by bath lubrication. 

Owing to their small frictional resistance roller bearings have lately 
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been tried and have given very favourable results on electric railways, 
trains, and motor-cars. 

Bailey Marahall * states that on railway vehicles the starting 
effort is, in many cases, as low as 3 lbs. per ton, a figure which com- 
pares favourably with the frictional resistances of 'ordinary bearings 
at high speeds when well lubricated ; but it seems doubfful whether 
roller bearings will, when used for such high speeds, give better 
results than brasses of the ordinary design. 

In the case of ball bearings the design should be such that the 
lubricant used can escape readily on cacli side of the balls as they roll 
in their races ; with rollers, however, the lubricant must be jiushcd 
along in fi’ont of them. On this account, the viscosity of the lubricant 
used must have an appreciable effect upon the friction in the latter case. 

In a paper read before the Tramways and Ijight Railways Associa- 
tion in October 1905, by Thomas \V. How, the author deals with the 
reijuirements of a satisfactory roller bearing for heavy and light 
loads, the efficiency of which largely depends upon true parallelism, 
proper sj>acing, and proportionate diameter, length, and hardness of 
the rollers, lie gives examples of various contrivances for spacing 
the rollers, regarding the ‘ Empire ’ floating cage as the most 
satisfactory, owing to its simplicity and easy adjustment ; and he 
advocates the employment of solid rollers of special steel rather than 
of spiral or hollow ones, or rollers thr#ded on sjniidles. The want 
of success of earlier exjieriments made with roller bearings is attri- 
buted to causes now well understood and avoided, such as excessive 
rigidity and inip»*oper load adjustment, these being now obviated by 
means of swivel seatings, so that the alignment of the load is evenly 
distributed, and several examples are given of the successful applica- 
tion of roller bearings to railway and tramway stock. 

The relative friction of ball, roller, and jdain bearings wjis in- 
vestigated some }'ears ago in (lermany by Stribeck, a summary of 
whose chief result^) is given in the paper by K. Hess referred to in 
Chapter X., p. 42(i, where further information on the subject of 
bijll and roller bearings will be found. 

^ Roller Bear in ffs London, ] 897. 



CHAPTEIJ V. 


LLIBJaCANTS. 

THEIU SOURCES, I’RKPARATION, AND CHIEF rROI'ERTlES. 


liLruKKJANTs arc, with few exceptions, ftiikl or semi-fluid substances, 
ca{)able of formiiif^ and maintaining between friction surfaces films of 
sufficient thickness to keep the surfaces apart, tljus abolishing the 
solid friction and substituting for it the much less considerable 
friction of the fluid itself. The substances which possess in the 
highest degree the necessary properties belong to the class of bodies 
known as fixed oils and fats, luitil the latter half of the present 
century lubricating oils were almost exclusively derived from the 
animal and vegetable kingdoms, though cart-greaseiiad been prepared 
from petroleum in (falicia from a very early }>eriod {Redwood)^ while 
early in the pi’escnt century the advantages of petroleum as a lubri- 
cant free from ‘gumming’ properties were sufficiently well known to 
lead to its more general use in places where it could be obtained. 
Idle rise and development of the modern petroleim, and shale oil 
industries, stimulated by the increased demand for lubricants due tc 
the introduction of railways and the extended use of machinery, has 
led to the production of immense quantities of lubricating oils, which, 
besides largely augmenting the general supply, have, owing to theii 
cheapness and other advantages, displaced to a great extent the oldei 
lubricants. We shall, therefore, commence with a description of this 
class of oils, which, being derived from mineral sources, have received 
the name of 


A.— MINERAL OILS. 

^ 1. Sources. 

(a) Petroleum. — Cmde petroleum is a highly complex liquid 
product which is founcT very abundSintly in various parts of the world 
either issuing naturally from the ground or reacl^ed by boring. It* 
occurrence is not limited to any particular country, continent, oi 
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geological formation, but by far the greater volum® is obtained in 
the United States of America^ and in the neighbourhood of Baku in 
the Caucasus (Biissia). 

The following tabular statement prepared by Bedwood and East- 
lake gives the world’s production of crude petroletim in ini pb rial 
gallons for the year 1904 : — ^ 


World’s Production of Petroleum for 1904, in Imferial Gallon^ 


Country. 

Quantity. 

Purceiitiigo 
of Total. 

UNITED STATES-- 




Appalachian field, ^ . 
California, 
Linia-lndiaiia field, 
Texas, 

Kansas, . 

Louisiana, 

Indian and Oklahoma 
Territories . 
Colorado, 

Wyoming, 

Missouri, 2 

1,098,992,039 
1,037,439,620 
8(>3, 879,481 
778,231,491 
148,735,609 
102,920,841 

47,822,787 

7,556,789 

403,858 

89,996 




4,096,072,511 

4,096,072,51 1 

53-.5491 

EUSSIA— 




Baku field, 

Grozni field, . 

2,554,034,653 

162,380,753 




2,716,415,406 

2,716,415,406 

35-5125 1 

EASTERN ARCHIPELAGO— 



Sumatra,'^ 

•Java,"* 

Borneo, ■* . 

186,322,815 
30,381,990 
63, .507, 213 


1 

i 


280,212,018 

280,212,018 

3-6632 

GALICIA, , 


21.5,796,231 

2-8211 

ROUMANIA, 


129,829,004 


' • C^arry forward, 

7,43^,325,170 

c < 

97-2431 ! 

i 


^ The Appalachian field compriHc^ r^^ew York, PeAisykania, West Virginia, 
3g*ith‘eastern Ohio, Kentucky, and 'J’oi^^iessoo. 

. ® Tncludes the production of Micliigmi. 

® Estimated. 
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World’s Production of Petroleum for 1004, in Imperial Gallons — 
continued. “ 


#1 

Country. 

Quantity. 

Percentage 
of Total. 

• 

9 

INDIA- 

B run gilt forward, . 

7,438,325,170 

97*2431 

HiirruM, . 

, Assam, . 
Punjab, . 

115,903.804 

2,58.5,920 

1,658 




118,491,382 

118,491,382 

1*5490 

JAPAN, 


49,606,579 

•6485 

GERMANY- 




Ilaiioviir, 

Elsass, 

16,556,691 

5,392,988 




21,949,(579 

21,919,679 

*2869 

CANADA, 


17,237,220 

*2253 

PEIIU, 


1,732,848 

*0226 

ITALY, 


976,371 

*0127 

HUNGARY,' 


857,351 

*0112 


Total 

7,640,170,60(1 

99*9993 


^ Estiiiiatod. 


The most import-ant commercial product obtained from the crude 
petroleum of the older oiliiclds of the United States is illimiiiiating 
oil or kerosene, onlj^ a comparatively small percentage of the raw 
material being represented by lubricating oil, but the crude oils of 
California and Texas are of lower volatility and are largely used as 
liquid fuel. For tlie year 1904 the total exports of illuminating ^ 
from the United States amounted to 761,358,155 American 
and q 4 lubricating oil and paraffin to 89,688,123 American p’*'* 

The exports of illuminating oil from the United States to tlnj 
Kipgdom fhr the fiscal yt^ar 1904 amounted to 165,248,727 Atnerican 
gaPons, and of lubricating oils to 33,890,901 American gallons. * 
llussian petroleum yHds a comparatively small , percentage ^ 
illuminating oil, the residuum or ostatki, so largely used as fuel, 
representing about two-1-hirds of th# crude oil. A small portion of 
this ostatki is distilled, and lubricating oils are thus obtained, but 
the Russian petroleum business is primarily a liquRi fuel industry. 
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Crude Americayi petroloipn varies very much» in character in 
different districts, ranging in bolour from pale amber to dark greenish- 
or brownish-black, and in specific gravity from about 0*78 to 0'94 
{Hvfer), Some oils arc highly limpid, and are (jomposed for the 
most part of the lighter hydrocarbons suitable for burning in lamps ; 
others contain a large proportion of lubricating hydrocarbons. 
A few crude oils can be used for lubricating almost without treat- 
ment (sec ‘Natural Oils’). Most of the crude j)etroleuni obtained 
in the [Jnited States is distilled for illuminating oil and naphtha, 
only the still residues (‘residuum’) being worked up into lubricating 
oils and paraffin wax ; but there are some heavy oils which, being chieffy 
valuable for the manufacture of lubricating oil, are treated separately. 
Kesearclu's too numerous to mention have shown that American 
petroleum is composed mainly of liydrocarbons of the paraffin series, 
0 „ll 2 „-i- 2 > smaller quantities of naphthenes, and of benzene and 
its derivatives. Traces of sulphur are met with in most petroleum, 
also oxygenated bodies of acid and phenolic character, and variable 
traces of mineral matter. 

Canadian petroleum resembles the oil of Lima (Ohio) in having 
an offensive odour and containing a^ notable proportion of sulphur. 
The production is comparatively small, and the oil is refined for 
home consuni])tion. 

Crude Caucasian petroleum is, in maf^ respects, specially interest- 
ing : in the antiquity of historical references to it ; in the compara- 
tively small area within which the supply is obtained ; in the extra- 
ordinary productiveness of the wells, and in the peculiar character 
of the hydrocarbons of which the oil is mainly composed. According 
to the researches of Markownikoff* and Ogloblin, and others, at least 
80 per cent, of crude Baku petroleum consists of hydrocarbons of the 
naphthene series, C„ 112 h) isomeric with the olefines, but differing from 
them in not combining directly with bromine. Naphthenes are 
closed-chain hydrocarbons, also known as polymethylenes, one of the 
most important being hexamethylene or hexhydrobenz3ne, 
wIkcIi has been obtained in large (piantity from Bussian and in 
small quantity from American petroleum.^ Bussian petroleum 
also contains paraffins and a considerable quantity of aromatic 
hydrocarbons. 

Caucasian petroleum is more uniform in comi)osition than the 
American product. It usually ranges in specific gravity from 0*850 
to 0*875 ; yields a larger proportion of lubricating oil, less, ilhtminat- 
ing oil^and less naphtha than American petroleum, but no paraffin 
wax. Owing to the almost entire absence of solid hydrocarbons, 
Russian lubricating oils will bear exposure to g much lower temperature 
fJhan American oils without solidifying. 

petroleum is stated by Redwood ^to have been collected 
in a. primitive fashion and used a cart-grease from very early times. 

The Galician oil^dds are very extensive, and produce oils of very 
^ Yuung, Jouf. Chem. Hqc., 1898, Transactions, p. 905. 



LUBRICANTS — SOURCES, 'PRBPARATION, AND CHIEF PROPERTIES. SL3* 

varied character, both light and heavy. Crude Galician petroleum 
is composed chiefly of hydrocarbons of the parafflii series. According 
to Dr. Young, it contains more naphthenes aiid aromatic hydro- 
carbons than American, but probably less than Russian petroleum. 
It yitflds 55 to 65 per cent, of lamp oil, and from .‘iO to 40 per cent, 
of residuum from which lubricating oils are obtained.^ 

From thS tabular statement already referred to it will be seen 
tfiat the Kasterii Archipelago now occupies an important position 
among the sources of the world’s supplies of petroleum. Much of 
the crude oil of Sumatra contains an umisually large proportion 
df the more volatile hydrocarbons, which are separated by fractional 
distillation as petroleum spirit, whilst that of Java is characterized 
by the presence of solid hydrocarbons (paraffin) in large (piantity. 
The crude petroleum of Borneo has in the past been looked upon as 
a heavy oil, chiefly suited for use as fuel, but recently a large 
production has been obtained at Kotci of oils yielding the usual 
commercial pnKlucts, and the oil from some of the wells contains 
much solid paraffin. 

The petroleum of Upper Burma has long had a high reputation as 
a source of lubricating oil, ‘ Rangoon oil ’ having been originally 
made from it. The petroleum industry of Burma lias for some time 
past exhibited ra})id growth, and the markets of India are largely 
supplied with the products. The crude oil yields oidy a moderate 
quantity of illuminating oil, the lubricating oils and solid paraffin 
being inij)ortant products. 

The production of Roumania also exhibits rapic^ progression, and 
will no doubt assume still greater importance, in view of the character 
of the oil-bearing territory and its geographical ])Osition. 

(/;) Shale. — ^ Although by far the greater proportion of the lubricat- 
ing oil of commerce is now obtained from petroleum, it is of interest 
to remember that shale oils were the first to be j)ro(b ced on a large 
scale even in America. Prior to the boring of Drake’s well in 1859, 
which was the commencement of the United States petroleum 
industry, a number of works were established in that country ^foi 
the production of ojl from coal and shale, and Boghead cannel wag 
even imported from Scotland for the purpose ; these fa(;torics, which 
worked under li(!cnce from Dr. James Young, the founder of the 
Scottish Shale Oil Industry, were subsecjucntly converted intc 
petroleum refineries {Redwood). Young’s first patent for obtaining 
pnrafli# oil from bituminous coal was taken out in 1850, and th( 
mineral wfiich he us(^d was Boghead cannel, a rich bituminous minera 
yielding by*distillation from 120 to 130 gallons of oil per ton. The 
supply of this mineral soon became exhausted, and sii^pe then thf 
Scotch oil has been prodficed from the bituminous shales of the coJ? 
measures. The manufacture of paraffin oil from shale at the wojks o: 

^ For an interesting and very compldfe account of the Galician potroleun 
and ozokerite industries, see a paper by Redwood, Jour. &>c. Chem. Ird.^ 1892 
pp. 93«119. 
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the Broxburn Oil Company^ has been flcscribcd ty D. R. Steiiart 
{Jour. lSo(\ CliPM. ^Ind.^ 18&, pp. 100-109). The shale is a dark 
grey or black mineral with a laminated or horny fracture. TJie 
greater pr()])()rtion (73 to 80 per c(‘nt.) consists of mineral matter ; the 
remainder (37 to 20 per cent.) ir bitumen, eomposedi chiefly of carbon 
and hydrogen, with some nitrogen and sulphur. Wh(‘i^,thc shale is 
heated to a very low red heat in retorts, this bitumen underg(|es 
dedriietwe didUlation, splitting up into water, ammonia, gas, and 
oil. Each t(jn of shale distilled at Broxburn yields on an average 
30 gallon’s of crude oil, G5 gallons of ammoniacal water, and nearly 
2000 cubic feet of permanent gas, which is used for lighting the woi’ks 
and for fuel. 

(c) Crude Shale Oil is dark green in colour, has a specific gravity of 
0*860 to 0*890, and is semi-solid at ordinary temperatures owing to 
the large (juautity of solid jmraflins (‘ paraffin wax’) contained in it. 
When warmed to 90“ or 100“ F., the oil becomes rpiite fluid. 
Chemically, it is composed chiefly of hydrocarbons of the paraflin and 
olefine series, the latter predomimiting in the frac^tions used as lubri- 
cating oil. Naplithenes and aromatic hydrocarbons an^ also ])resent 
in large (piantity (Heusler, Jour. Chen*. Hoe., 1898, Absti*acts, Part I. 

p. 101). 


(I. Manufactipe. 

The manufacture of lubricating oils from crude petroleum and 
• shale oil is a braiuih of a very extensive industry. The great 
variety of hydrocarbons of which the crude oils are composed 
affords material for the manufacture of numerous products. The 
lightest and most volatile hydi*ocarbons compose Crude Naphtha, 
from which rhigolcne, gasoline, benzoline, petrol, motor spirit, and 
similar products are obtained. These liquids, which are devoid of all 
lubricating pro})erty, form highly volatile and inflammable ‘spirits,’ 
, used for freezing, driving motors, making air gas, carburetting coal 
^ gaa, and foi* solvent and other purposes. Hydrocarboris of higher 
' boiling-point and specific gravity, which are still *too fluid and volatih; 
to be used foi* lubricating, comj)ose the Illuminating Oils of commerce 
known as kerosene, ])etroleum, paraflin oil, etc. The heaviest and 
least volatile hydrocarbons are alone used for the manufacture of 
Lubricating Oils, Paraffin Wax, and Vaseline. The refiner’s business 
is to separate the various products from the crude oil and l^irij^ them 
for use,^and this he does by distillation and chemical treatment. 

Xho value of distillation depends upon the fact that diffewint 
constituent^^ of the crude oil boil and volayiiso at different ternpera- 
ftires, the naphtha coming over first, then trie illuminating oils, then 
■some** intermediate ’ oils used for gas-making, r^r destructively distilled 
so as to increase the quantity oVilluminating oil (sec bclow^), leavflig 
the heaviest hy(^r*ocarbons, unless the distillation is oontinued to 

drvhflSH. as a residue or Residuum in the still. TW senarnte frae- 
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tional distillation^ the naphtha is siihscqnently split up into gaioline,/ 
benzoline, etc., the crude illuminating oil into products of different 
specific gravities and flashing-points, and the rcsidiuim into lubricating 
oils of various grades and paraffin wax. 

In' practice, Jjowevor, the distillation, especially of the heavier 
fra(;tions, is never a simple process of separation, as is proved by the 
fact that j)i()ducts arc found in the distillates which do not exist in 
the original liquid. During the distill.'ition the lieavier hydrocarbon 
vapours partly condense on the upp(;r and cooler part of the still and 
fall back into the boiling liquid, while, in distilling the heavy oil, 
Jie boiling has to be very vigorous to keep up the stream of vapour 
issuing from the retort, which necessitates a strong fire and a high 
temperatin-e at the bottom and sides of the retort. ^ The prolonged 
and excessive heating to which the heavier hydrocarbons ai’c thus 
subjected gradually splits them up, partly into permanent gases 
(marsh gas and hydrogen), })artly into liquid hydrocarbons of lower 
boiling-])oint and viscosity, which distil over, and partly into tarry 
ju'oducts which remain in the still. It has been found, in fact, 
that by setting the still so that the up])ci part is kept cool, 
and eo)]ducting the distillation slowly in order to })romote con- 
densation, or by distilling under increased pressure and so raising 
the boiling t(<mperature of the liquid, the destructive distillation 
or ‘cracking’ of the heavier hydrocarbons may be promoted 
to such an extent as to largely imu’ease the natural yield of 
illuminating oil at the expense of the heavier fractions. Large 
quantities of crude petroleum, in which the re^duum is not of 
si)ecial value for the preparation of lubricants, arc (listilled in this 
way in the Lnitcd States, the illuminating distillate being increased 
from a normal proportion of about 50 per cent, to as much as 70 
or 75 per cent., and the residuum reduced to as little as 6 per 
cent. According to Steiuirt, tln^ liydrocarbons of petroleum are more 
readily split up tlian those of shale oil, and in Scotland cracking 
for the production of illuminating oil is not practised. A certain 
amount of destructive distillation is, however, necessary for the 
production of tlie paraflin wax which is such an important product 
of the shale oil industry. The quantity of crystalline wax obtainable 
from crude shale oil by direct freezing is much less than is obtained 
by freezing the distillates rcsidting from the distillation of the oil in 
such a way as to cause partially destructive changes. 

Destructive distillation which is so valuable in increasing the yield 
of illumintiting oil and in the production of paraffin wax has been 
found to be most detrimental to the quality of the. lubricaLling oil, 
reducing the viscosity, l*«.v'onngthe boiling- and flashing-points,*and 

^ Steimri {Jour. Sue. CJtfm, 1ml., viii. 106) lias iiointed out that whilffc 
water in being cfiiverted into .steam increases in volume 1700 times, burning oil 
inareases le.ss than ‘JOO tiino.^, and heavy oi^ less tlian 100 times. In distilling the 
heavy oil a great deal lias, therefore, to be Converted into vapour liefore enough is 
formed to reach the point of exit from the still, and as t^^e specilic heat of th« 
vapour is low, it is easily coiiden.sed and falls back into the boiling liquid. 
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tendiiig generally to the production of an inferior product. When, 
therefore, the primary object of the distillation is to'’ obtain the lubri- 
cating oil with its viscosity, chemical stability, and other valuable 
qualities unimpaired, every care is taken to reduce the amount of 
destrudire distillation to a minimum. With this object the Steam 
Eefining Process was introduced about 1870. In this process, which 
is largely used in the manufacture of lubricating oils from crude 
petroleum and petroleum residuum, a current of steam superheated to 
the required temperature (varying from 150° to 300° C.) is blown ' 
through the oil during the distillation, by whi(ih means the hydro- 
carbon vapours, instead of remaining in the still and undergoing 
decomposition, are swe^pt rapidly forward into the condensing worm. 
Further imjirovements have been effected, especially in the distillation 
of the heavier hydrocar lions, such as form vaseline and (lylinder oils, 
by condiKJtiug the distillation in a partial vaciimn, maintained by 
means of an exhaust ejector or other appliance connected to the end 
of the condensing worm. 1'he Vioiling temjieraturcs of the hydro- 
carbons are tlius lowered, and the rapidity of the distillation is much 
increased. 

In addition to these modifications in the process of distillation, the 
plant has also been improved. The thick-walled cast-iron stills at 
first emjDloyed, in which tiie proper regulation of the temperature was 
impossible, have given place to stills of wrought iron (a- steel; the 
vertical form of still has been abandone(J^n favour of' the horizontal, 
so as to increase the evaporating surface, and the stills are provided 
with low domes or short goose necks in order to still further diminish 
the distance traversed by the heated vapours. The result of all these 
improvements in the plant and processes has been a gresit imj)rove- 
ment in the (piality of mineral lubricating oils, to which must be 
attributed the rapid manner in which tluur use has extended during 
recent years. 

The lul)ricating oils iTlanufactured froni crude petroleum in the 
United States are bf three kinds, ViZ. : — natural.) reduced, and d.is- 
tilled oils. 

(a) Natural Oils. — A limited quantity of crude petroleum is found 
in the United States in which the proportion of lubricating hydro- 
carbons is so large that the crude oil only needs f>urific.ati(ui from 
suspended and tarry impurities by settling, S’training, or filtering 
through charcoal, in order to render it fit for use. Lubricating oils 
obtained in this way are known Jis ‘natural oils,’ but very lijtle oil 
of this description is now produced. ' 

{h) Beduced Oils . — Crude petroleum rich in lubricating oil, but too 
fluid for use as a lubricant without treatment, is canjfuliy distitlod 
^ith steam or in varuo, so as to avoid cracking, until the lighter 
hydrocarbons have been driven off. The distillation is tlum stoj)ped, 
and the dark -coloured oil remamhig in the ktill, reduced in volune 
bub increased in viscosity, is known as ‘reduced oil.’ Such oils have 
considerable lubricating vabie, and are largely used on railways and 
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for hcav/ machinery. The chief ohjectic n to them is the tarry 
matter which tliey contain, which stains the machinery and paint, 
and interferes with the free siphoning of the oil. In the manufacture 
of cylm^er oil, suitable descriptions of petroleum are carefully redi| j (|B|d 
at as low S" temperature as possible, in varuo ; and for filtered j 
oil the highly viscous residues thus obtained are repeatedly filtered 
thr(iiigh animal charcoal ke])t sufficiently warm to maintain the oil 
fluid, until the required degree of transparency is obtained. The 
reducing process is not always carried out in stills ; the lighter hydro- 
carbons are sometimes evaporated by exposing the oil to the rays oi 
the sun in sh,all(Jiv tanks containing w'atcr warmed by steam coils, the 
oil floating on and d(‘positing its susfKmded impurities in the water. 
This process is known as ‘sunning,’ and the product as ‘sunned oil.’^ 
. (r) Distilled Oils. -These oils are obtained from sesiduum. Those 
produced from Americjan petroleum usually contain paraffin wax, and 
are known as ^parafim oils.^ The Russian oils contain little or nc 
paraffin. Distilled oils usually undergo tieatment with acid and 
alkali by which they are partially decolorized and made transparent ; 
in this way the ‘ pale oils ’ arc produced. 

Residuum, as already described, is the tarry residue remaining ir 
the cru(ie-oil stills after the naphtha and illuminating oils have been 
distilled over with more or less crackihg. As a rule, the distillation 
of the crude oil is stopjied at this stage, the residuum is withdrawn 
fnun the still and, after standing for some tinie to allow the fine 
particles of coke contained in it to settle out, is transferred to special 
stills called ‘tar-stills,’ in which the distillation for lubricating oils in 
conducted with superheated steam, or m rarno, generally in separate 
factories devoted to the manufacture of lubricating oil. The residuum 
obtained in the United States is very diflerent, both in quantity and 
in (piality, from the Russian product. By cracking, ^be yield ol 
residuum from Pen nsylvaniaiij^. petroleum is reduced to as little as 
5 to 10 per cent., whilst from the crude oil distilled at Baku at hast 
60 per cent, of residuum is obUiined. This difteronce in the yield « 
not entirely due to the different character of the crude oil. Crude 
Pennsylvanian oil distilled without cracking will give from 20 to 30 
per cent, of lubricating oil. and correspondingly less illuminating oil. 
At Baku, tfie residuum called by the Russians ^ostatJei,’ and by the 
Tartars ‘ niazut^^ is in great demand for fuel, and there is not the same 
inducement to reduce the yield by cracking as in the United States. 

* Americ^ residuum contains a variable proportion of solid hydro- 
carbons, an(h varies accordingly both in consistency and )in -specific 
gravity; it is the source ji all the paraffin wax obtained in the 
United States. On the other hand, the Russian ostatki produced at 
Baku is a more fluid oil having a uniform specific gravity of 0*90 tc 
0*91, and Containing so 1 ft ole solid hydrocarbons as to yield practi- 
cally no paraffin wax.^ Lubricating oil of a kind hAs been made it 

1 A sunning psucess is also illsed in the manufacture of ‘ bloomless ’ oil (see p. 98) 

® Engler, Jour. Soe. Chem. /9Mf.,^886, p. 477. 
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the United States Iiy simjJy filtering the residuum through steam- 
heated filters, but the unstable character of the i)r()duct and tlic 
accompanying tarry matters unfit it for any but tlie roughest 
purposes. Russian residuum is similarly employed, after separation 
of water and treatment with sulphuric acid, lint the usiSll method 
is to refine the oil by distillation with superheated steam. J>i the 
United States the distillation is carried to dryness. The first 2^ to 
25 per cent, of the distillate is a very fluid oil of about 0*834 sp. gr., 
which is either retiuaicd to the crude oil tank or is refined as a 
special high flash-point burning oil. The oil that follow*s is lubricat- 
ing oil, and contains the paraffin wax ; it is either collected all 
together or in separate fractious. Just at the end of the process, 
when the bottom of the still is red hot, a thick resinous product of 
light yellow colour and nearly solid consisteiic}' distils over, which 
is used as a lubricant for the necks of I’olls,^ or, according to Sedtler, 
is added to paraffin oils to inci’ease the density and lower the cold- 
test. About 12 per cent, of coke remains in the retort, which is 
used for the manufacture of electric light carbons. The paraffin oil, 
if collected all together, is washed first with acid and tlum with 
alkali and is then reduced in temperature, which causes the 2 )aratfin 
to crystallize. The st mi-solid mass is pumped into filter-presses, 
and the solid j)()rtion afterwards subjected to hydraulic 2 )ressu]*e, 
the solid crystalline cake which rema^ being converted into refined 
paraffin wax. The fluid oil which drains from the {>r(‘sses is carefully 
redistilled and collected in sej^arate frac.tions, yielding a vari(!ty of 
lubricating oils ranging in density and viscosity from the lightest 
and thinnest spindle oil to heavy maclune oil and e^’ell cylinder oil, 
though cylinder oils arc not usually made from residuum. If the 
paraffin oil, instead of being collected all together, is fractionated at 
the first distillation, then those fractions which contain the wax are 
separately treated fbr its recovery. Thus, according to Redw-ood, 
theosecond fraction following the oil of 0*834 sj). gr. (see above) may 
be collected so as to have a sp, gr. of 0*860-0*870, and may amount 
to 25 per cent, of the original residuum. This fraction may be sub- 
divided by redistillation, or may be made into ‘ Neitfral ^ or ‘ ’ 

oil by cooling to separate the paraffin, filt(',ring through bone-black 
to remove colour and odour, and exposing to the sun and air in 
shallow tanks, or treating with nitric acid or nitro-na 2 >hthalene or in 
other ways to remove fluorescence or ‘bloom.’ ‘Neutial oil’ has a 
very low^ viscosity, and is largely used for the adulteratio’i of animal 
and vegctaible oils, for which reason it is debloomed so as to remove 
the fluorescence which would betray its presence. T>„e distillate 
following the neutral oil is the ‘ stock ’ foi" engine oil, and the per- 
centage is determined (with a corresponding inverse variation in the 
proportion of the second fraction) by the use to winch the product 
is to be* put. ‘ For heavy machine oil the proportion is reduced, 
so- that a distillate of sp. gr. 0*928 to 0*933 may be obtained, and 
* ' ' ^ Soe, Chem. lnd.^ 18^2, p. 142. 
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after the paraffin ha» been separated the viscosity is sometimes 
still further increased by distilling off some of tlie more volatile 
constituents by means of superheated steam and filtering the 
‘ reduced ’ oil through charcoal. 

Previous to the chBmical treatment of the lubricating oil distillates, 
they are freed fi’om mechanically mixed water by settling, and the 
laf!yb traces of moisture are got rid of by heating the oil in tanks 
fitted with steam coils. The dried oil is then thoroughly agitated 
with concentrated sulphuric acid, the j)roportion of acid varying 
from#4 to 12 per cent., according to the strength of the acid and 
the 'amount of impurity in the oil. After thorough settling, the 
clear oil is drawn off*, agitated with a solution of caustic soda, and 
again allowed to settle ; it is then well washed with warm water, 
allowed to rest until clear, and finally dried by being heated in shallow 
pans provided with steam coils until the oil is bright. Sometimes the 
oil after being treated with acid is pumped into a still containing a 
solution of caustic soda amounting to from 2 to 4 per cent, of the 
oil, and is redistilled from the soda, by which piocess free acid and 
sulphonates are more perfectly removed and the oil is improved in 
colour. The treatment with sulphuric acid removes tarry matters, 
as well as some of the more easily acted on hydrocarbons,^ and the 
soda neutralizes the remaining traces of sulphuric acid as well as 
organic acids contained in tlie oil or resulting from treatment. The 
vhemical changes which take place are by no means fully understood. 
Secondary reactions occur, certain of the hydrocarbons being very 
liable to undergo oxidation with formation of aoiu products, 
especially during the alkaline treatment. Great care and attention 
are, therefore, needed to produce the most highly refined oil, which is 
clear and bright, contains neither acid nor alkali, and does not 
become turbid on standing. ^ 

Russian Oils. — The manufacture of lubricating oils from ostatki 
was commenced by V. T. Ragosine in 1876, and two years later the 
Hussian oils were first introduced into Kngland.- Up to that time 
naphtha and illuminating oil were tho only products manufactured 
from the crude Gaucas>an [)ctroleum, and the ostatki was either 
burned as fuel or entirely wasted. Even now the greater propor- 
tion is used as fuel, and only a comparatively small proportion, 
about 10 per cent, according to Redwood, is manufactured into 
lubricating oils ; but, considering the enormous quantity of ostatki 
produced, even dhis small proportion amounts to a considerable 
volume. ^ 

The ostatki,^ which is sC' i'{‘d in large tanks sunk in the ground, ^ is 

^ U is said that some valuable lubricating hydrocarbons are withdrawn by the 
action of sulphuric acid. ® 

* Jour. Jbe, Chem. 1887, p. 631. 

® See Jour. Soc. Chem. Ivd., 1885, p. Ill ; and 1886, p, 382, 

■* Redwood states tliat Messrs. Nobel have a cylindrical talk of this descrip- 
tion holding eleven million gallons. 
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first pumped into raised' tanks in which it is h»j!ated by steam coils t* 
facilitate the settling of water and other impurities likely to caus 
frothing and explosive ebullition. The clarified oil flows, by gravita 
tion into the stills, which are horizontal wrought-iron vessels o 
circular or elliptical section, waste oil l)eing thb fuel used for heat 
ing them. When the temperature has risen to or 140° C 
(2fi6°-284" F.) a fairly regular ebullition sets in, and distillatioi 
commences at about IfiO^-lGO" C. (.*K)2”-320° F.). Superheated steal] 
is then admitted through perforated pipes placed very near th 
bottom of the retort, and the distillate is collected in separat 
fractions as the temperature rises, until the oil coming over ha 
a density of 0*915 to 0*920, when the fire is extinguished. Th 
injection of steam is, however, continued until oil ceases to com 
over. The still is then left to cool, and the residue, called goudron o 
deggufj is run ofl‘ while still hot into tanks placed outside the building 
The fractions collected by this pro(;ess present the characteristic 
given in Table X\^l 1 1. 

^ Solar Oil’ is too fluid for lubrication, and is used either as i 
heavy illuminating oil or for making oil-gas. ‘ Mixing Oih ’ ar 
also f)rcpared from solar oil, the chief use of which is for purpose 
of adulteration (Redwood). 

^ Goudron^ when cold is almost solid. It is used as fuel am 
for other purposes. Sometimes a bibulBating grease is made froii 
it, of the nature of vaseline, by mixing it with about one-third sola 
oil and very gradually heating the mixture in a still to 180’’-200“ C 
DistillatioiP is then started by passing in superheated steam. A 
first a fluid oil comes over, but soon the distillate begins to partiall; 
solidify on cooling, the proportion of solid gradually increasing unti 
the whole solidifies. This distillate is collected separately, unti 
about three-fourths of the contents of the still have come over. 


Tahle XVIII. — Fractional Distillates from 
Russian Residuum. 


Fraction. 

Description. 

Distilling 
at ' C. 

Per Cent. 

Specltle 

Uiavity. 

Colour. 

1st 

Holar Oily 

150-170 

10-12 

*840-*8G0 

Pale 





yellow. 

2nd 

Light Simidle Oil, . 

170-200 

12-15 

•870- *880 

Yellow. 

3rd 

Heavy Spindle or Light 
Machine Oil, 

1 200-250 

8-10 

*895-*900 

Yellow. 

4th j 

Engine Oil, . . | 

250-300 

30 -33 , 

1 *908- *91 2 

Reddish- 





yellow. 

5th ' 

Vylinder Oil, i ' 

300-320 ' 

10-12 ’ 

•915--920 1 

Red. 

Residue 

Goud{ m, . 


12-15 

•950 

Brown 
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All the lubricating (^l didil lutes have a dj^rk colour and a strong 
odour. Paler coloured, odourless oils are 23roduce’& from them by 
chemical treatment followed by rodistillatiun, as in the case of the 
American oils, but as the Jiussian oils contain no paraffin wax the 
refrigefating process «, of course, omitted. 

The various f^rms of plant used for the distillation of lubricating 
oils from petroleum and shale, though differing in detail, merely 
represent different methods of carrying out the general principles 
referred to on pp. 94-96, and the yield and characters of the separate 
fractions obtained in different factories vary according to the nature 
of the raw material and the demands which the manufacturer has 
to meet. 

(e) Shale Oils.- -Crude shale oil yields on distillation the same 
products as crude petroleum, viz. : —naphtha, illuminating oil, gas oil, 
lubricating oil, ami paraffin wax. The methods of separating these 
products and obtaining them in a pure state arc the same in principle, 
viz. : — fractional distillation, followed by chemical treatment of the 
distillates ; hut the process is more complicated. Shale oil is 
subjected to a large number of separate distillations and treatments 
in order to facilitate the separation of the paraffin wax, of which the 
crude oil yields about 12 per cent., whilst American petroleum yields 
only about 2 per cent., and C’aucasian petroleum none. The lubricat- 
ing oils from shale are of low viscosity (spindle oils), and are all 
didilled oils, there being no products corresponding to the natural 
and reduced oils prepared from American petroleum. 

For further information regarding the manufacture * of mineral 
lubricating oils, drawings of the plant, etc., the reader is referred to 
the standard treatise on the subject by Redwood. 

III. Properties and Composition of Mineral Lubricating Oils. 

Mineral lubricating oils are classed commercially as ‘pale’ and 
‘dark.’ The pale oils are more or less transparent, and present a 
variety of shades of yellow and red. The dark oils are opaque, and 
are either greenish- or bvowiiish-black. Most mineral oils, unless 
they have been ‘ debloomod ’ by chemical treatment, ai e (in distinc- 
tion to animal and vegetable oils) fluorescent. The smell and taste, 
although usually slight, are also characteristic. 

The specific gravity usually ranges from about ()’860 to 0’940, 
though oils of higl>cr sp. gr. arc occasionally met with. The boiling- 
point is high, usually above 600“’ F. (315*5” C.) in the case of refined 
distilled oils. The flashing point ranges, with few exceptions, from 
300* to 600” F. The cold-Lest 09 setting point varies, and depends 
jMirtly upon the proportion of solid hydrocarbons present. Russian i 
Oils have the lowest setting-^unt, sometknes below 0* F. ; most 
American ^ils do not remain fluid below 25” F. ; Scotch oils set at 
about 32" F. ^ 

The lubricating oils obtained from petroleum present a much 
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greater range of viscosity than the fixed oils. *The thinnest are more 
fluia than spern/oil ; the tlnckest are more viscous tlian castor oil. 
Scotch shale oils are only met with among the oils of lo\v viscosity. 
Heference to the tehlcs on pp. 162-166 will show how slight is the 
connection between sj)ccific gravity and viscosity. Among oils of a 
given specific gravity, natural and reduced oils are n]ore viscous than 
refined oils ; and among the latter Kiissian oils, at low’ and moderate 
tempera tui’cs, are more viscous than American. Mineral oils lose 
viscosity w’itli rise of temperature more rapidly tlian the fixed oils; but 
if tlie curves of absolute viscosity on pp. 168 and 169 be studied, jt will 
be seen that this diflei’ence becomes much less marked at temperatures 
above 100“ F. (or l.b0“ V. in the case of cylinder oils). The loss of 
viscosity is greater the more viscous the oil ; and the higher the 
temperature above the normal, the more nearly do all oils approximate 
to one another in viscosity. It is not entirely owing to the greater 
influence of temperature on the viscosity of mineral oils that they are 
less perfect lubricants than the fixed oils, but partly owing to the 
fact that they are deficient in the property of ‘oiliness,' the nature 
and cause of which are somewhat obscure. 

Although the chemical composition of petroleum has been tJie 
subject of an immense amount of research, attention has chiefly been 
directed to the naphtlui and illuminating oil fractions, whilst those of 
higher boiling-point, from wdiich lubri(^ing oils are prepared, have 
been comparatively little studied. Allen states that the lubricating 
oils obtained from American petroleum and from shale consist largely 
of olefines*; paraffins arc present in considerably larger proportion 
in the petroleum pi’odnct than in the shale product, and the latter 
also contains small amounts of polymerized acetylenes, and possibly 
also terpeiK's. Zaloziecki has confirmed the presence of terpenes in 
the higher fractions from petroleum.’ Aisinmann ^ states that the 
Am(;ri(;an lubricating oils consist chiefly of paraftins, and that those 
from Baku are composed mainly of naphthenes and olefines. More 
recently, Eiigler and Jezioranski ^ have come to the conclusion that 
these difrereiiccs do not exist. Jly making analyses or petroleums 
from diflerent sources, and also of the various fractions obtained 
by their distillation, they have found that the ratio of carbon to 
hydrogen increases with the boiling-point, and that in all cases the 
highest fractions contain, in considerable (juantity, hydrocarbons 
w’hich are poorer in hydrogen than those of the ethylene series. 
Fi*om these atialyses, and from a comparison of th;p amount of each 
fraction absorbed by sulphuric acid, they conclude that the fractions 
boiling above 200“ C., of American as well as of Russian .^ud Galician 
oilsy consist mainly of unsaturatai hydrocarbons. Kraemer and 
Spilker** have pi’e])arcd synthetical hydrocarbons, resembling in their 

f *■ 

’ Joii't, Cuem. Suc.y 1894, Aus., i. 611. 

^ Jour. Soc. Chem. Irui., 1896, i). 28.3. 
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physical and chemical chara(!ters mineral lubricating oils, by the C(yi- 
ieiisation of methylbeflzeues with ciimauiene or with allyl alcohol in 
die j)resciice of suljiliiiric acid. The product formed from pseudo- 
iumeiic and allyl alcohol had the composition and was probably 

iiiiK'tl^^ldiciiniylmethane ; it boiled above 300“ C , and in the 
riscometer gave, at the value 775 (water =1), whilst the 

:)est llussiaii lubricating oil gave, in the same apparatus, the value 40. 
Kmemer and Spilker regard these bodies as the ‘viscosity carriers’ 
jf mineral lubricating oils, and have proved that their viscosity 
ncrcases rapidly with the number of methyl groups in the molecule. 
Mills»states that the normal paraffins are not lubricants, and that the 
lubricating properties belong to one or more series of isoparaffins.^ 

H(!sid(;s the fluid hydrocarbons, American and Scotch oils contain 
«)lid hydrocarbons (pavaffin), and in the dark ‘ reduced ’ oils 
variable quantities of asphaltic and tarry bodies exist. 

Miiu'ral lubricating oils are unsaponiliable, which enables them to 
1 C easily separated from the fixed oils. In H iibl’s process they absorb 
Tom 7 to 23 per cent, of iodine, according to their origin. Owing to 
die almost entire absence of any tendency to oxidize or (h'velop acid, 
diey do not as a rule gum or corrode bearings, and, if carefully 
"efiiied, so as to be free from volatile hydrocarbons, they undergo but 
ittle change by use. Therefore, pure mineral lubricating oils, if 
)ccasionally filtered to remove suspended impurities, can be used over 
uid over again, which is not the case with any of the fixed oils. 
Vlineral oils, owing to their non-oxidizablc chara(’ter, are also incapable 
)f igniting spontaneously, and when mixed in sufficient proportion 
vitli animal and vegetable oils, they reduce the risk of fite. • 


B.— FIXED OILS AND PATS. 

Sources, Composition, and General Propert'^.s. 

‘ Fixed ’ oils, so called because they arc not volatile without 
Iccomposition, are found ready formed in certain tissues of animals 
Lud plants. They diffci from the mineral oils in containing oxygen 
LS an essential constituent, the proportion ranging from 9*4 to 12-5 
per cent. The distinction between fixed oils and fats is only a matter 
)f temper/iture. All fixed oils become fats at low temperatures, 
ind all fats become oils at 150“ F. 

?dio fat of terrestrial animals is found in the cells of the adipose 
tissue, and in the case of marine animals in the bbibber, from which 
t is melted out or ‘rcuidered’ by simple heat, or by boiling with 
vater. The oils of plants ocAir mostly in the seeds oi* fruit, and 
ire obtained either by expression, or by means of solvents 
mch as, petroleum ether; oils so obtaine?^ are frequently subjected 
10 a process of refining, in order to remove the albuminous and 
^ Destructive Distillation^ fourth edition, 
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m^icilaginouB matter which is expressed or dissolved out with the oil 
Each of the different oij-yielding plants and animals furnishes its own 
peculiar oil ; hence a considerable variety of fixed oils and fats exists. 

Animal oils are usually either colourless or yellow ; veg(‘table oils 
are of various shades of yellow and green, the green colimr beipg due 
to the presence of chlorophtjU, which is charaetdi’istir of tbis class of 
oils. Each kind of oil has usmilly a distinctive ( doin' bj^ which 
it can be identified. Fixed oils very rarely present a lluorcscent 
appearance, unless adulterated with mineral oil. 

In specific gravity they range from abotit 0-871) to 0*968 ;d ('O'" F. 
Sperm oil is the least viscous, castor oil the most, but racli kind of 
oil has its own peculiar viscosity, which varies but little They 
cannot be distilled without decomposition, tlie so-called ‘boiling’ of 
fixed oils being due to the escape of gases produced by desiiuctive 
distillation. The solidifying points of fixed oils, and the melting- 
points of fats, vary consideiably (see pp. 199 and 204). 

A fundamental difference between fixed oils and nnneral oils 
exists in their behaviour towards atmospheric oxygen. Mineral oils 
arc almost indifferent to oxygen, but all the fixed oils combine with 
it,^ and most of them undergo, as a result of the oxidation, changes 
which convert them sooner or later into solid elastic varnishes. The 
oils which behave in this manner are called ‘drying oils,’ and a few 
which oxidize and dry most rapidly (notably linseed oil) are used as 
vehicles for paint. Lubricants are seUcted from the ‘non-drying’ 
or less strongly drying oils, the chief of which are olive, rape, and 
castor among vegetable oils, and tallow, lard, ncatsfoot, and sperm 
ttiiiOiJg animal oils. 

All fixed oils are composed of fatty esters, formed by the union of 
alcohol radicles with fatty acid radicles. The alcohol radicle occur- 
ring in the vegetable oils and in most of the animal oils is the trivalent 
radicle glyceryl^ radicle of glycerol or glycerin (011)3), 

and its esters^, known as glycerides^ may be represented by the formula 
C3H5U3, in which R represents the fatty acid radicle. Usually 
Several esters occur together. Those most frequently met witli 
are triglyceryl stearate or tristearin C.jH3(0.CjgH3.0}3, triglyceryl 
palmitate or tripalinitin C3Hjj(O.C]yll 310)3, and triglyceryl oleate or 
triolein OgHr^O. 01^11330)3. Stearin and palinitiii predominate in the 
solid fats, olein in the fluid oils. Olein is the chief constituent of 
many of the best known lubricants, such as lard, tallow, neatsfoot, and 
olive oils. Until recently, natural oils and fats were believed to be 
mixtures, exclusively, of simple triglycerides such tiS the a^jove, in 
which all the acid radicles contained in the molecuL* an* alike ; but 
recent researches have proved that mixed triglycerides also occur, 
such AS stefiro-dipalmitin, palmito-distJearin, oleo-palmito-stearin, etc. 
i Allied to the fats are the wmes, which are esters of mono- and 
^ » 

^ In consoquence of this pjb])erty, cotton waste and .luiilar fibrouS material 
when .saturated witli many of the fixed oils, especially those of the drying c]#ss, 
Are liablfi-to heat undergo spontaneous ignition (see p. 278). 
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. di-hydric alcohols. Thus, cetyl palmitate or cetin, C.-H, OC IPO 

derived from cetvl Alcohol (C TT i ■ 

^ aioonoi is 'the cluof constituent of 

spermaceti, and myricyl palmitate or myrioin C H OP H n 
_ from myricyl al^hol (C^H„,0), is the chief ingrekift'o^'S^ 

ki own as liqmd waxes, since the esters composing them are not 
glyceiide^ but arc derived from monckhydric alcohols. 

acids ^ Thp “'•e split up into alcohols and fatty 

waTet 1 : by beating wiS 

wfth a r®’ ^'Pburie acid, or by heating 

witN alkalis , but however produced it is known as ‘ Mponification’ 

bi saponificatioii by heating with water under pressure, both the 
Johol and he fatty acid are liberated in the f,4 state.’ Thus, in 
tg ejattn represented by the follow- 

^ -f SHsO = C..,H5(0H)3 + 30, gH.,/),. 

olein -{- water --=r glycerol' + oleic acid. 

•IS “* “ybnders wh si fatty oils are used 

the pTo 1 r ! if""' f'“^y free corrode 

tlic metal and birm metallic s,«ips which choke the steam passages. 

H hen sapoiiihcation is effected by means of an alkali, such as 

vkhlhe “5 “ f“*‘y combines 

V t the alkali or base, forming a «oaj>. Thus, when olein is heated 

dpfi if following change takes place, in the 

uehiiito proportions stated : * 

3K0H ^ C)3Hp(OH). 5 + 3K.C, Il'o ~ 

884^4 018 } I 1 ^ I i - 1 - / potassium ofeate 

884 a 4 pts. / I 1(;h- 44 pts. ) - \ 92-0(; pts. f + " • 


■ 1 961 -22 pts. 


s icaction enables us to at once distinguish between a mineral 
oil and a hxed oil, and to separate the mineral oil from a mixture of 
1 C wo. 01 , oil boiling with potash, the hydrocarbons composiiie 
10 mineral oil undergo no change, hut the esters composing the fatty 
undergo saponification, forming soaps and glycerol, both of which 

liait 

In the case of a wax like sperm oil or wool fat a complication 
arises, since the wax alcoliols are not soluble in water, and, therefore 
contaminato the mineral oil. The mixture can, however, be analysed 
oy the method described on p. 245. 

Soaps are easily decomposed by mineral acids, and the fatty acids 
S'*-— ^ potassium oleatc and liydrochloric 

K.C,gH.gO.^ UC _ -t- 0 H 0 

potassium oleate-l-liydroclilorfc acid=pot)isijpm chloride -b oleic acidf] 

ijort fatty acids, when melted, are oily liquids, which float as an 
insoluble oily layer on the surface of water; but a fcw, such as the 
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valfric acid of {)orpoi8c jaw oil, are soluble in water, and evaporate 
with the steam when the* vvater is boiled. The* fatty acids obtained 
by saponifying the natural oils are almost invariably mixtures, 
and by examining the mixed fatty acids it is frequently possible to 
determine the nature of the fatty oil from wh^ch they have* been 
derived. 

The ehiel fatty acids which are known to occur in lubricating oils 
are given in Tal)le .XIX. 


Taule XIX. — Fatty Aeins occcjiirino tn Lubuicating Oils 


Series!.. 

Name of Acid. 

Furniula. 

; Oruurs cliietly in 

Acetic, 

CnllenO, 

Isovaleric 

Oaproic 

Gaprylic 

Capric 

Laurie 

Myristic 

halniitic 

Stearic 

Arachidic 

Ligiioeeric 

f '0 

G, H,A 

cvdi,40, 

0^4 H 2 hO., 

C,oH4oO, 

Porpoi,se jaw oil. 

j- Coconut oil. 

) 1 
Palm oil ; al.so tallow, olive 
oil, and coconut oil. 

Tallow ; also palm, castor, 
and rape oils. 

J,*Eartlinut, rayie, and mustard 
* oils. 

1 

Oleic, 

Oleic 

Rapic * 
Erucic 

G 22 II 42 O 2 

Olive oil and the animal oleins. 

1 Rape oil. 

Linolic, 

CnH,,.. 40 , 

Linolic 

1^181^32^2 

'J'iie drying oils ; also in olive 
and j)alm oils 

Riciiioleic, 

Ricmoleic ^ 
Isoricinoleic 

1 ^ 18 ^ 1341^3 

1 asHs/Ai 

1 Cactor oil 


Dihydroxy- 

stearic 


Castor oil. 




. •_ 


The vegetable uiU chiefly used for lubrication ai^e rape olive, r nd 
castor, l^pe and olive oils are employed both alone and mixed with 
mineral oils, ('astor oil is largely used for railway work in India, 
mixed witJ^i heavy mineral oil, of whiclj it can take up a certain pro- 
portion only, the amount*Varying with the temperature. T« produce 
.with castor oil and mineral oil a mixture that will not, even at low 
temperatures, s^arate on standing, an equal volume of tallow oil or 
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lard oil iiiiist first be jiiixed with the castor oil. Coconut oil is Said 
to he used in India on li^lit-runnin^ iiiachiiiery, and in this country 
for the preparation of mixed spindle and loom oils, but the commercial 
oil seems (piito unsuitable for such ])urposes, owing to the large 
amoulit of free fatt^ acid which it fre(piently contains (see p. 116 ). 
Maize oil (corn^oil) has been described as a non-drying oil and a good 
lubricant, but it dries as readily as cottonseed oil.^ Palm oil is some- 
times used in making the yellow grease employed for the lubrication 
of railway wagon axles. Hazel-nut oil and ben oil are used for the 
lid)rication of watches and delicate mechanism. 

l^ie animal aih chiefly employed for lubrication are tallow, tallow 
oil, lard oil, ncatsfoot oil, sperm oil, and porpoise jaw oil. Tallow 
is used for grease making, and the three following oils are chiefly 
employed for mixing with mineral oils. Sperm oil is used, both 
mixed and umnixed with mineral oil, for light machinery and 
spindles. Porpoise jaw oil is used for the lubrication of watches and 
delicate mechanism, for which a thoroughly non-drying and fairly 
limpid oil is reipiired. 

Rape (Colza) Oil. — Commercial rape or colza oil is obtained from 
the seeds of several cultivated varieties of Bi'asf^ic-a Campestris, Linn., 
the navew or wild turniT), a plant belonging to the natural order 
Cruci/erae, cultivated very extensi\ely in France, Germany, Austria- 
Hungary, Roumania, and Southern Russia ; also in India and Cliina. 
The principal source of European ra])e oil (German, rapsi)!) is rape 
seed or cole seed, from B. (Jampesirts var. NapUf<. B, Camp)estru 
])roper, cultivated in France and Belgium under the namo^fiojza-i- 
yiclds colza oil ((ferman, kohlsjuitol), and B. Cainpcbh'u vai\ Jiapa 
\B. Rapa oleifera^ Linn.), grown in South Germany, yields the oil 
know’ll as ‘rubsen’ ((ferman, rubol or rubsenol). These three oils, 
colza, rape, and rubsen, though botanically quite distinct, are similar 
in their chief physical and chemical characters, ane' are not dis- 
tinguished commercially, being all sold as rape oil. 

The rape seed which is so largely imported into Europe from India 
for the manufacture of rape oil is the product of chiefly B. Campestris 
var. Glaura. Indian rape seed varies very much in size and appear- 
ance, according to tlie district in which it has been grown, the finest 
commercial varieties being known as yellow Guzerat and yellow 
Gaw’npore, less esteemed kinds as Madras, brown (.^alcutta, brown 
Cawnpore, Ferozepore. etc. A seed known as Jamba rape,'-* which is 
said t# yield ^ good oil, is occasionally exported from Kurrachi. 
Indian rape has some of the characters of mustard (possibly owing to 
the common practice r>f sowing the seeds together), in consequence 
of W'hich the cake cannot bt^ safely used for feeding qattle.^ The 
resemblance between some kinds of Indiaii rape seed and white 
mustard seed iias led to freqi*ent mistakes and even lawsuits. Thus 

^ Jour. Soc. Chem. Ind., xviii. (1899), p. 346. 

For its characters see Lewkowitsch, Analysis of Oils, thud edition, p. 578. 

^ Kev^ Bulletin, 1894, p. 96. _ " 
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the*sccd known as ‘ Guzerat ^ rcsemUles a mixture of ordinary rape 
with white nmstafd. Ti>e careful examination of Dr. Wittmack, of 
the Berlin Agricultural Museum, however, has shown conclusively 
that the structural characters of the seeds are those of rape and not 
of white mustard, and there is i^eason to suppos^^ that the white as 
well as the dark seeds are all the produce of the same plant.^ 
Watts'-^ mentions two other varieties of Indian rape, viz. : — B, 0am- 
•pestris var. DicJn)ioma and ]i. CainpPi^trit< var. Toria ; the oil from 
the former he terms Indian colza, and says it is chiefly used for 
anointing the body, that from the latter is probably mixed with the 
oil from the var. Glauca. Tlic following results may be of interest 
as showing the characters of Indian rape oil extracted from the seed 
by ether in the laboratory ; — 

Table XX. 


Miulras. 


0*9140 
17*45 
99-0 

Oxidation test (see ]>. 205), . j 1 gnu. of^e oil did not dry or become 

j unduly tnickened in 16 hours at 212'’ F. 

A more complete investigation of the constants of Indian rape 
)ils expressed from different varieties of pure seeds has been 
niblished by Crossley and Le Sueur, Jotiv. ^oc. Chem. Ind., xvii. 
;i898), p. 989. 

Rape seed, from B, Campestna var. Ghinetim (Chinese Cabbage), 
s cultivated extensively in China, and another variety, B, Campestris 
rar. Oeniua^ in Japan. The oil of the hedge or wild radish, 
Raphaiius Baphamstrum, sometimes called hedge mustard, is said to 
)e mixed with and even substituted for rape f»il in Hungary. 

Rape oil is obtained from the seed either by expression or by 
jxtraction with solvents. In either case the seed is first thoroughly 
■rushed in roller mills. In the process of expression the crushed 
;eed is first subjected to very moderate pressure in the cold, by 
vhich a considerable quantij N of oil is obtained ; the cakes ar^j again 
)asscd through the mill, and the meal is then heated*and damped hi 
i jacketed steani-pan called a ‘kettle,’ which process, ly -endering 
he remainyig oil more fluid, facilitates its expression, and at tlie 
lame time coagulates some of the albuminous matter of the seed and 
ifevenls it from being expressed with t^e oil. The heuvcd seeduneal 
B then rapidly moulded iiAf) cakes and subjected to hydraulic pres- 

^ Kew HiJMin, 1877, p. 54 ; and 1894, p. 96. 

Did. of the Economic frodnets of India^ vol. i. pp 52*2- 528 


Physical and (’h( i»iioiil Characters. 


Sp. gr. at 60" b\, . . . ' 

Sapoiiific-iitiuii value, per emit., i 
Iodine value, tjer c-ent.. . . i 


Yellow 

Oii>!el‘at. 


0*9133 

17*50 

97*8 


lirowii 

Calontla. 


0*9140 I 
17*42 I 

102*7 I 
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sure. In the procesf* of extraction with a, solvent, by which means 
the larger proportion of the rape oil of c(»uimercc is now obtained, 
the crushed dry seed is placed in the extraction apparatus and 
exhausted with petroleum spirit or carbon disulj)hidc, and the oil is 
obtained by distillinf^ off the solvent.^ 

Crude rape oil is dark in colour, and contains albuminous impuri- 
ties which cause turbidity and set up fermentation, resulting in the 
partial decomposition of the glycerides with liberation of free fatty 
acids. In order to remove these impurities, it is usual to refine the 
oil by agitating it, whilst warm, with a strictly limited {)roportion 
(()-r> to 1‘5 per cent.) of sulphuric acid (Thenard’s })rocess) sufficient 
to attack and char the impurities, which are more easily acted upon 
than the glytjorides, without causing serious hydrolysis of the latter. 
After thoroughly agitating the oil with the acid for about | to 1 hour, 
sometimes longer, according to the quantity and quality of the oil 
treated, the mixture is allowed to rest, and the susj)ended acid and 
impurities gradually settle out as a dark udoured magma (‘foots’), 
leaving the oil bright and clear. The latter is then drawn off, 
washed by ugitiition with steam and hot water, again racked off and 
boiled with water a. second time, allowed to settle, and ‘ baled ’ until 
bright. 

’i’he following results arc of interest as showing the effect of the 
acid refining process upon the acidity and otlnr characters of rape 
oil. For the samples the authors arc indebted to Mr. John F. 
flutchesou of (Glasgow, who kindly obtained them specially from 
Stettin. • t 


Tahlk XNI, -Effect of Repixing Rape Oil by ^h^nahd’s Method. 


Physical ami Chemical Characters. 

Brown Rape 

Oil from freshly 

Brown Rape 

Oil Clarified 

Refined Rape 

on. 


crushed seed. 

hy settling. 


— — 


— 

Free (oleic) acid, per cent., . 

1-58 

0-98 

2-26 

Specific gravity at 60” F.. 

()*9146 

0-9147 

0-9141 

Relative efflux time at 60* F,, 

104 

101 

100 

Sa])onification value, iier cent., 

17-42 

17-36 

17'30 

Iodine value, per cent., . 

101-8 

100-9 

102-3 

Mauiiieiie thermal value, ” C., 

67-0 

56-25 

56-75 

j Un&aponifiable matter, per 
! centii ^ 

0-98 

0-95 

j i 

0-75 


Rape oil refineS by Tb 'nard’s process is apt to contain traces of 
free sulphuric acid (see p. 313)b • 

As the tendency of the acid refining process is to increase tl^ 
acidity of the oil, an alkaline process ^ would appear preferable. 
Everard^B process, which consists in agitating the oil with a weak 

^ For a detailed description of oil mill plant, see A ^^actieal Treatise on 
Aninial and Vegetable Fata and Oila^ by^W. T* Brannt, vol. I. chaps, x. and xl 
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solution of caustic soda, l^ias been apjdied to rape oil. One difficidty 
in the practical working of such processes is the tendency of the oil 
and alkaline licjuor to form emulsions which are troublesome to 
separate, and to avoid this it has been proposed to use a liquid 
formed ))y melting soda crystals in their wattr of crystallization 
{HiUfnnan)^ which is said not to emulsify. Milk of lime and calcined 
magnesia have also been suggested. 

Rape oil has been found to contain the glycerides of rapic and 
erucic acids, but the high iodine value of the oil points to the 
presence also of an acid or acids of the linolic or linolenic series. 
(Uyeerides of saturated fatty acids occur in very small proportion 
in rape oil and include arachidic and, probably, lignoceric acids. 
Ponzio^ found 0'4 per cent, of arachidic acid in one sample. Ahhi^ 
found arachidic acid in the oil from (luzerat seed, but not in that 
from the European varieties. Arch bntt'^ found 1 *43 per cent, of 
arachidic (and lignoceric) acids in rape oil extractcil by means of 
ether from (luzerat seed, and ld-1 per (;ent. in commercial (Stettin) 
rape oil expressed from rape and rubsen seed. Of 51 samples of 
commercial rape oil which were specially examined by Renard’s 
process, about two-thirds were found to contain arachidi(5 acid. 
Indian rape oil from ]i. (jlaue.a seeihs to contain more of this acid 
than th(' European oil, and the extracted oil more than the expressed 
oil j of the latter, the cold-pressed oil pr<#ably contains less than the 
hot-pressed. Arachidic and lignoceric acids are also contained in 
mustard oil. 

*Ti-ripe uiWs by no means a non-drying oil, and as diiferent samples 
vary considerably in oxidizing property, it is necessary to make a 
careful selection of the oil intcncled for lubricating. Jhipe oil is not 
suitable for delicate m.achinery. 

According to Schaedler, rape oil sets or solidifies at - 2“ to - 10" 
; but Holde states that all rape oils sooner or later solidify at 0° C. 
(32° F.). The following experiment w\as made by one of the authors. 
Some genuine refined rape oil was placed in a ghiss tube, immersed 
in melting ic(^ for three hours without stirring, and then for three 
hours longer, stirring at intervals. It remaiiftid clear and fluid. Some 
of the sanu; oil, previously frozen, having been added, tlie oil was kept 
in ice for three hours longer, with occasional stirring, but the frozen 
oil sloAvly melted. The temperature was then gradually reduced to 
14° -16* F. (-10° to -9° C.), and the oil became very turbid, 
but after remaining for two hours at this temperature, with stirring, it 
did not lose its fluidity. After still further reducing the temperature 
to 11° F. (-11*6° C.), and stirring, the oil solidified in about half 
an hour. * *- 

fc Black Sea Bape Oil. Bavison Oil. — Oil expressed from the seed 
of the Black .Sea district,^known as ra^ison oil, is inferior in quality 

^ J, fur pr. CJt^iTn.^ xlviii. (1893), p. 487. 

^ iSfiensk. Kemisk TidnUrift^ 1893, p. 179. 

* Jour, ^oc. Qhemt Tvd.^ xvii. (1898), p. 1009. 
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to, and cheaper thaif, ordinary rape oil ; jt, has a higher sp. gr., 
higher saponification and iodine valncs, and more strongly drying 
pro])erties than ordinary rape oil, and is nsnally of inferior quality for 
Inbrig^iting. The unacknowledged admixture of this oil with rape 
oil must therefore be* regarded as adulteration. The chief properties 
of the oil are sWown by the results in Tabh; XXII. The samples of 
Black Sea oil and seed were kindly supplied by Messrs. Seaton tfe (k)., 
of Hull. 


• TAiUiE XXlI.—PRorERTfES OE Black Sea Rape Oil. 


Physical and 
Clicinical Uata. 

Eustendje 
Rape Oil 
made from 
Wild Rape 
Seed from the 
lilack Sea 
Extracted 5»y 
the CS.> pro- 
cpss. 

Black Sea Rape Oil 
Evjiressed and 
Refined. 

Two Samples. 

00 1 d>) 

Oil extracted 
in the 
Laboratory 
from Black Sea 
Rape Seed 
Two Samples. 

(rt) : (0) 

Oil extracted 
from Seed (/>) 
after picking 
out 13-3 
of Foreign 
Seeds. 

Free acid, as olcic acid, v 

2 ‘4:5 

6 02 

2-8 




Sj). gr, at (50 F , . 

0-91S:{ 

()-92(K) 

0-9217 

0 9211 

0-9200 

0-9200 

Viscosity at (50’ K , 

Saponiticatioii value, „ 

About 0 , 
lower than 
that of rc> 
lined Stettin 
I’ape oil. 

17-70 

About 13 ;/, lower 
than that of refined 
Stettin oil. 

17-93 , 17-S9 

17 93 

17-81 

r 81 

Iodine value, . 

110-2 

110-7 

121-7 

111 .5 

lOS-9^ 

109^3 

JUamneiic thoniial value, 

65 -S 

76 





TTiisajtoniflabli! matter, % 

1-45 

1-66 

l-f54 




Arachidic acids obtained 
by Renard's process, 

0-70, 

(rn.j». 70-4'’ 0.) 





1 

1 

Colour Reactions. 






i 

Milliau test, . 

iieg 

neg. 

nog 




Radoiiin’s test. 

• 


BPg 




Oxidation test. (1 grin, 
of oil exposed on a 
watch glass at 212" F. 
for 10 hours), 

Rather more 
driei’ than 
Stettin oil, 
ljut noi more 
thickened. 

Badly dried 
and much 
mare 

tlilckencil 
than Stettin 
oil. 


Dried and much thickened. 

• y 







P) opertles of Mixed 
Fatty Acids. o ' 







8p.gr. at ~"f,, . .i 


o 

(J-8802 


> 


Iodine value, . . j 

o 

! 

1261 



.0 


For the constants of genuine rape oil, "and the detection of adulteration, 
see p. 312. ’ 
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Olive Oil. — Olive oil v?, obtained from the fl'uit of the cultivated 
olive tree, Olea Europtm Hativa^ the numerous varieties of which arc 
grown chiefly in the countries bordeiing the Mediterranean, also in 
California and other countries where the climate is suitable. The 
fruit is very rich in oil, which is contained V.hiefly in the fleshy 
mesocarp, but also in the kernel and shell (endocarp).' 

The tincst olive oil is obtained^ by hand picking the olives before 
tliey become too ripe, gently pressing them by hand in cloths, 
and collecting the oil which exudes. The limited quantity of ‘ virgin 
m/Hhus obtained appears to be used as salad oil, and some -of it 
as a lubricant by watchmakers; it is purified hy agitation with 
water, allowing the mucilaginous matter to subside, and skimming 
08 * the clear oil from the surface. Oil nearly as fine is obtained 
on the large scale by crushing the ripe olives under millstones 
or between iron rolls, usually, though not always, without 
breaking ujj the kernels, and pressing the pulp, without heating 
it, in bags or mats of esparto grass under very modei-ate pressure. 
After jiurifying hy agitation with water and settling, this cold- 
pressed oil is called ^ s^ii>eTfi/ne OiV,’ or frequently ^virgin o//,’ and is 
used chiefly as a salad oil. The once-pressed mar(! is broken up by 
bending the mats back and forth by hand, moistened with hot water, 
and again pressed, more strongly than before, yielding ^ordinanj oil^^ 
or ‘oil of the second pressing,’ which is^aid to be but slightly 
inferior to the virgin oil. The twice-pressed marc, after being stored 
for a time and cllowed to ferment (which facilitates the extraction of 
otI^ is‘ 'x'Tground so as to crush the olive stones, and after being 
stirred up with boiling water, is subjected to the heaviest pr(5ssure 
obtainable with the appliances used ; oil of inferior quality, called 
^pyrene of/ ’or ^hag<tms of/,’ is thus obtained. The residual marc 
still contains some oil, which is extracted by means of carbon 

disuljfliide or petroleum spirit, and is known as ^ sulphocarbon oil.^ 
The last two kinds of oil are dark green or brown in colour (due 
to the presence of chlorophyll), consist largely of decomposition 
products, are very acid, and are fit only for soapmaking or dyeing. 
Some of the dark-coloured oils, even whcif nearly neutral, are of 
inferior quality for lubricating, owing to their tendency to thicken 
and ‘ gum ’ on the bearings. Oils known as ‘ huila tournante. ’ 

and ^liuHe d^enfer’^ arc much decomposed and highly acid olive 

oils recovered from the watery residues of the oil pressing, and, 

though in demand for dyeing Turkey red, are « quite unfit for 
lubricating. 

In the refining of the crude olive oil, it is sometimes allow(;d merely 
to rest in l^rge tanks until the ‘ muchage ’ has deposited, undergoing 
'during the time more or less decomno.sition, and often becoming 
spoiled for lubricating. §®metimes the oil is refined by wasl^jng with 

* See Alder Wri^^ht, Oils, Fats, JVax^s, etc., second edition, p. 420. 
k ® ‘ Fnfer ’ ifi the ^liine given to the stone or tile cistern in which the water is 
left for the oil to rise. 
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water alone, and soni^times it is washed with caustic soda. \n 
France it is usual to filter the oil through cotton or paper. ^ 

Olive-kernel Oil was formerly believed to be quite different in 
properties from ordinary olive oil (the ()il of the mesocarp), having 
a shai ^3 and bitter trste, a dark green or brown colour, and being 
readily soluble iu alcohol, owing to the presence of much free fatty 
acid ; but ’ it has been shown by Klein - that the characteristics 
hitherto assigned to olive-kernel oil are really those of purene oil 
or hagaaseti oil, the dark coloured and more or less decomposed oil 
expressed from the stones and refuse of the first and second pressing 
of the olives. Pure olive-kernel oil, prepared both by cold and by 
warm expression from the kernels alone, without any admixture of 
the pulp, was found to have the following characters, as compared 
with a sample of ‘ bagasses ’ oil ; — 


OUve-kernel Oil. ‘ Jlagasscs ’ Oil. 
Sp. gr. at GO'’ F., . . . 0*9186 to 0*9191 0*928 

Saponification value, per cent., 18*23 „ 18*38 19*05 

Iodine value, . . . . 87*0 „ 87 3 71*6 

Free fatty acids, per cent., . 1*00 „ 1*78 71*12 


From these results it appears that pure olive-k(;rnel oil is somewhat 
higher ill specific gi’avity and iodine value, and lower in sai)onificatiou 
value, than ordinary olive oil, but it does not naturally contain an 
excess of free fatty acids. The characters of commercial olive oil 
must evidently de{)ond to some extent upon whctiicr the process of 
extraction has or has not been such as to include the kernel rd. 

Olive oil lias been stated to contain about 28 per eerily, 

67 per cent, olein, and 5 per cent, linolein (Hazura). hater re- 
searclies, however, have shown that the proportion of glycerides of 
solid fatty acids in different olive oils is extrcmeiy A^ariable, and 
usually very much less than the above (Tolman and Mmison). 
Stearin is absent {Hehner and Miteliell). According to ^iolde, the 
solid fatty acids are partly present as mixed glycerides. Traces only 
of araebin have been found in genuine olive oil, and Klein states that 
in olive-kernel oil he could find none. 

For the characters of genuine olive oil and the detection of adul- 
teration, see p. 316. 

Castor Oil. — Castor od is obtained from the seeds of the castor oil 
plant, Ririnua communis, Linn., of which there are numerous 
varieties. The plant is indigenous to India, but is also cultivated 
extensively in tue United States, France, Italy, Algeria, etc. It 
grows wild in ForLiOsa,**^ and the oil is for the most part wasted ; but 
in Java the plant is cultivated, and the export of castor oil is likely 
to become an important industry. Two varieties of the plant are 

^ A good description of the olive «il manufacture in France, by U.S. Consul-" 
General Sk’uner, was published in tlie Cliem. Tradt ^ournal, xxxi. (1902), p. 6. 

2 Jour. Soc. Chem. Ind., xvii. (1898), p. 1066 ; Analyst, xxiii. (1898), p. 284. 

® Jour. Soc. Chem. Ind., xii. (1893), p. 769. 

* lUd., xiv. (1896), p. 321. 
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recognized by Indian cultivators, one small-seeded and the other 
large-seeded. Hie oil troin the former is the most highly esteemed, 
and is chiefly used for medicinal purposes; it is expressed from the 
crushed seed without the aid of heat (‘cold-drawn ’), and after careful 
refining by lujating with water is sti’jiw-yellow* to greenish-yeilow in 
colour, and nearly odourless. The oil for lubricating [iiid burning is 
mostly got from the large-seeded kind, and is exprcissed partly cold 
and partl}^ hot. The crude oil is refined by boiling it with water ; 
soluble matters (starch, gum, etc.) arc dissolved, and albumen is 
coagulated ; the oil is then clarified by filtering or settling. In India 
an aiKiioiit process, which still smwives, consists of first roasting the 
seeds to coagulate albuminous matters and facilitate the extraction 
of the oil, subsequently crushing, boiling with water, and skimming 
off the oil which rises to the surface. Oil thus obtained is often 
very dark in colour, and odorous. It is sometimes exported in this 
condition, at others it is bleached by exposure to the sun, treated 
with charcojil, and filtered through flannel or paper.^ 

Castor oil consists mainly of triricinolein, the glyceride of two 
isomeric hydroxylated acids, ricinoleic and isoricinoleic (C,glly^Ujj). 
Small (piantities of tristeariii and of the glyceride of dihydroxystearic 
acid (CjgHg, O 4 ) are also pre .cut, but palmitin and olein are absent. 

Castor oil, in very cold weather, is liable to deposit a solid fat, but 
it congeals only at very low temperature^^ It docs not readily dry 
on exi)osure to the air, but turns nincid oxidation. 

Owing to its peculiar composition, castor oil differs remarkably in 
«^Jjyi‘\V;t::./,J’Oin most fixed oils. Thus, it is easily soluble in alcohol 
(other oils being but sparingly soluble), and it is almost insoluble in 
petroleum spirit and in mineral burning and lubricating oils (in wfliich 
other fixed oils are easily soluble). The ready solubility of castor oil 
in alcohol has been made the basis of a valuable test for the presence 
of adulterants in this oil (see p. ‘119). 

The limited extent to which castor oil and mineral oils are mutually 
soluble is of importance in the j^reparation of mixed lubricants 
containing the former. At 59” F. (15° C.) castor oil is ^.ractically 
insoluble in petroleum spirit and in burning oil. In ‘ «65 ’ Scotch 
shale oil, at the same temperature, it dissolves to the extent of 
about I-l^ per cent. ; ‘ 890’ shale oil dissolves about 2- 21 per cent. 
Df it; and ‘907/12’ American mineral oil dissolves rather more. 
Therefore, at the ordinary temperature, castor oil is very sparingly 
soluble in mineral oils ; the solubility is greater thp more djuse and 
i^iscous the mineral oil ; it increases with rise of temperature and 
liminishes as the temperature falls.^ 

Oil the cother hand, castor oil is able to dissolve mineral spirit and 
niheral oils in proportions which decrease as the sp. gr. of the 

1 Jo'iir. Sor. Chem. (18113), p. 770. r 

® By heating castor oil in an antoclive to 260°-300“ G. under a pressure of four 
0 «ix atmospheres for about ten hours, it is said to become miscibk. with mineral 
il in any proportibn. Eng. Pat^ 24935 of 1905. 
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mineral oil increases* The following table shows the maximum 
volumes which were found to give a clear solution at 59“ F. (15“ 0.) 
with 10 c.c. of pure castor oil. 


TABIiK XX I IT. 




.\la,ximuni Volume 

■Mineral Oil Employed. 

.Sp. Gr, 
at GO” ¥. 

miscible with 10 c c. 
of pure Castor Oil 


_ 

at 59" F. 

Mineral ('])etrolemn) spirit, . 

0-6D2 

‘>•2 C.C. 

‘ W hi to Rose ’ pe tro) en i n , 

0*788 

.'if) c.c. 

Scotch sliale oil, . . . . 

0*8()5 

3*7 c.c. 

M * 

0*890 

2*45 C.C. 

American pale mineral oil, . 

0-.007 (»*912 

1*7 C.C. 

- 


- . _ 


Although pure? castor oil almost refuses te) mix. with mineral 
lubricating oil, the diOiculty entirely disappears if a third oil such as 
rape, tallow, or lard oil is present, a clear mixture t)f the three being 
readily o))taincd. Pure castor oil mixes with relined rosin oil in all 
pro|)ortions. 

Palm Oil. — l^ilm oil or fat, which is used to a limited extent for 
making railway wagon grease, is obtained from the fleshy covering 
(mesocarp) of the fruit of the oil-palms, FAah and K. 

me/auororra, which flourish in West Africa. Tlie fruit is gathered 
by the natives and stored in holes in the ground until F ' 7”.^ '’vy 
become soft(?ned bv decomposition ; it is then {)ounded, and after the 
kernels have beiuj separated the pulp is heated with water until the 
oil begins to exiale ; it is then S(}ueczed in rough nets, and the oil 
which runs out, mixed with more or loss fibre, dirt and water, is 
collected, and forms the palm oil of commerce. It is no' surprising 
that the fat })repared in this crude fasliion is much dcfjomposed, and 
consists, always largely, often chiefly, of free fatty acid. It is on that 
account a most unsuitable material for making lubricating grease. 
According to d(? Schep} er and (kitel,^ the most neutral brands are 
the following: Lagos, Ijoando, Old Calabar, Cold Coast, Slicrboro, 
and Cabooii. The percentage of neutral fat ranges from 58 -68 per 
.cent, in the first-named to 79-93 per cent, in the last-named brand. 

Palm oil is, at ordinary temperatures, a soft fat melting at 80°-97'’ 
F., whe# fairly ri'?h in neutral fat ; the presence of much free fatty acid 
may, however, nn'se the melting-point to 108“-109“ F. The cliief 
constituents are free palmitic acid, palmitiii and olein, with small 
quantities of linoleiii, stearin, airl another fat. The colour /aries from 
yellow to deep red. The odour of the fresh fat is pleasant and quite 
enaracteristic. 

Palm jJut Oil. -Palm-kernels contain an oil or soft fat which is 
quite dififereiit from palm oil. In chemical compqsition and char- 
^ Dingl, Polyt. Jour, ?45, 295. 
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acters it closely resembles (;ocf>nut oil, liavin/i^ hii exceptionally high 
saponiti cation value (:i4*b- 25*0 per cent.) and a very low iodine value 
(10-17*5 per cent.), it does not appear to be used as a lubricant. 

Coconut Oil.-— (.Coconut oil is obtained from the white pulp of the 
common coconut, the seed of tl.e coconut judni Cvroa nurifera^ 
which flourishes abundantly in the tropical Pacific is^.aiids, the West 
Indies, tropical America, etc. The oil i.s obtained either by expression 
from the more or less decomposed pulp (native method), or by 
expression and extraction with a solvent from the dried pulp (‘ copra ') 
which is imported into Kuropc for the purpose. The chief u,sc of 
the oil is for candle and soap-making, but, according to Hurst, it is 
used as a lubricant for light-running machinery in India, and in this 
country maitral coconut oleine is employed in admixture with mineral 
oil as a lubricant for sjandles, looms and other machiner 3 \ A brief 
description of the oil is therefore necessary. 

Commercial coconut oil is at ordinary temperatures in this country 
a soft white fat, melting to a limpid oil at ()8“-82“ F. It easily turns 
rancid, and usually contains a more or less considerable (piantity of 
free fatty {\cids, ranging from 5 ])er cent, to as much as 25 per cent., 
according to Lewkovvitsch. It does not, therefore, possess the 
properties of n desirable lubricant. Citconut oil has a complex and 
unusual composition, consisting largely of the glycerides of lauricand 
myristic acids, with some palmitic and olej^'and a notable proportion 
of volatile acids, (japroic, caprylic, and ca])ric ; conse(]uently, it differs 
remarkably fi’oni all oils and fats except palm-nut oil, which it A'ery 
*iiiblcs. 

Ben Oil.^ — lien or behen oil is ex})ressed from the seeds or nuts of 
Moringa pforggoapf^rma and AL apt<>ra, trees which arc natives of 
Egypt, Arabia, Syria, and the East Indies, and which have been 
cultivated for many years ir troj)i(;al America. The first-pressed oil is 
white or pale jellow in colour, odourless, and has a sweetish flavour. 
By stronger pressing, ji darker coloured oil is obtained, having a bitter 
and somewhat sharp taste, Ben oil is said not to become rancid by 
long exposure to the air. ft is fluid at 20“ C., somewhat viscid at 
15° C., begins to deposit a solid fat at 7“ C..*and solidifies at 0* C. It 
contains the glycerides of stearic, palmitic, behcmic and oleic acids. 
That p(frtion of the oil which remains fluid at V C. is used for the 
lubrication of delicate mechanism, including watches. 

Hazel-nut Oil.^ - This oil is obtained from the seeds or nuts of 
Corglui^ Af'fd/futa, the coimno;. hazel. The nuts arecknown aA filberts, 
cobs, Barcelona nuts, etc. They contain 50.to 60 p^r cent, of a golden- 
yellow coloured oil, which is used to some extent as a luh;,.:iant for 
delicate mechanism. The oil has a characteristic (xlour, and accord- 
ing to Hanns (Zeits.f. Untermcli, NaJir. a. Gmussmittfil, 1899, ii. (8), 
617) it is (composed of glycerides* of oleic, palmitic, and stearic 
acids. 

Tallow.^TaUow is the fat of certain ruminant animals, separated 
1 See SohaedJer,* Ttchfifilogie der Fette und Ode. 
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from the enveloping# membrane of the tis»uc by the procesH* oi 
melting or ‘ rendering.’ lleef tallow is obtained ^’roin oxen, nmttoi; 
tallow from rams, ewes, bucks, and she-goats. 

The rendering of the fat on a small scale is ofFected by heating tin 
tissue?, either {done or wdth the addition of water, in an open pan ovei 
a fire, continiudly stirring to prevent burning, until the membrant 
has shrunk together and can be strained off; prcfenibly, the p{in is 
heated by means of a stcam-jjieket, which admits of more jserfecl 
control of the temperature. On a larger scale, a more complete 
sepoi’ation of the hit from the tissue is elFectcd by heating the latte] 
in strong closed digesters, into which live steam under a pressure o 
50-70 lbs. ])er scpiare inch is admitted, and the liberatecl oil whicl 
rises to the surface of the condensed water is drawn off* through i 
cock. Another method consists in boiling the fatty tissue in 023ei 
vessels with water containing suliihuric acid or caustic soda, bj 
either of which the nitrogenous membrane of the cell walls is chemi 
cally broken down and the fat liberated. The use of sulidiuric acic 
would bo objectionable in rendering tallow intend(‘d for lubricating 
becjiusc it causes partial hydrolysis of the glyceudes and increases 
the prui)ortion of free fatty acids ; but the emj)loymont of c}fusti( 
sod{i, which neutralizes and dissolves the fatty acids, would b( 
.advantageous. In rendering tallow for lubrication, the main poinb 
to be attended to are to use only fresh fat, which has not had 
to undergo decomposition, and to remove, by settling and straining 
all water and fragments of membrane whicli, by subsequent dfc^bom 
position, might cause the resulting billow to develop acid*t}v 

Neutral tallow was, until re(;ently, Delicvcd to coxisist almosi 
exclusively of the simple glycerides stearin, jDalmitin, and olein, anc 
to be softer in projiortion to the amount of olein (JOiitained in it. Tin 
presence of several mixed glycerides has, however, now been j^i'ovcd 
and traces of linolic and linolcnic acids are said to have b ‘cn detected 
The relative proportions of stearin, palmitin, and olein in tallov 
vary according to the nature of the animal, its sex, breed, age, food 
{ind the part of the body from which the fat is taken. The hit fron 
the male is usually harder tlian that from the fem.ale, and niuttoi 
tallow is, as a rule, harder than beef tallow ; but, taking the average 
the proportion of olein in tallow is about 46 per cent., and thi 
remainder consists chiefly of stearin and palmitin in about cejua 
proportions. 

Of rtie variovti descriptions of tallow (Russian, North Americai 
l)eef. South Anierican beef, Australian beef, Australian mutton 
home refined, etc.), avi'rage South American beef is usually the leas 
{icid (sec p. 212) and, tlieref#re, the best adapted foi« lubricatioi 
Mild for general application to metal; but there is no reason 
preference slioulJ be given to^any particul/u' brand, if the results o 
chemical and physical tests prove the t^low^ to be genuine an( 
of good quality. 

Tallow Oil. — Tallow at the ordinary temperatuA of, say, 60*~80 
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F, \h a uioohanic,a1 mixture of solid and fluid fats, in which the former 
predominate to a^sutlicient extent to give the appcaramie of solidity 
to the whole. Jf subjected to pressure, the fluid portion can he 
squeezed out, and is known as ‘ tallow oil ’ or ‘ tallow oleine ’ ; the 
solid press-cake forms ^tallow stearme,' and is used in the candle 
manufacture. The separation is facilitated by allowing the melted 
tallow to cool very slowly, without disturbamje, in large tubs at a 
temperature of 7()“-80“ K. ; the crystallization of the solid portion 
then takes place in small granular particles resembling seeds, whence 
the process is known technically as ‘seeding.’ Some of the .fluid 
portion drains througli coarse flannel cloth placed upon perforated 
diaphragms near the bottoms of the tubs, the remainder is obtained 
by subjecting the semi-solid residue to pressure in canvas bags, as in 
the manufacture of lard oil (q-e.). 

Tallow oil diflers, therefore, from tallow chiefly in the proportion of 
olein which it contains, and this proportion, and therefore the setting- 
point and some other characters, such as the iodine value, must vary 
according to the tcniperaturc at which the oil has been expressed. 

'J’allow oil, as a lubricant, is used chiefly for mixing with mineral 
oils. 

Lard Oil — J^ard oil, expressed front rendered pig’s fat or lard, is 
prepared in a similar manner to tallow oil. The more or less chilled 
lai'd is placed in close-textured woollen ^'ags ))etwecn wickerwork, 
and is subjected to moderate but long- continued hydraulic pressure 
(about 10 cwts per s(piare inch for eighteen hours). As in the case of 
tallaw' 0*1 'Aie solidifying-point and other characters of the oil depend 
upon the temperature at which it has been c^})ressod, winter pre.sscd 
lard oil containing less of the solid constituents of the lard than that 
expressed in warmer weather. 

Prime lard oil is a nearly colourless, pjile yellow or greenish 
coloured oil, highly esteemed as a lubi’icaiit, and consisting of olein 
with variable proj) 0 )’tions of stearin and palmitin. The viscosity is 
the same as that of olive oil. The setting-point may vary from 
-about 40° F. (4 '4° C.) to several degrees below the free/ing-point of 
water. • 

Neatsfoot Oil. — Neatsfoot oil is obtained by boiling the feet and 
hocks of oxen with water. The feet are first skinned ^ and slit 
longitudinally with a knife, which is passed between the sections of 
the hoof and continued between the long bones. A small mass of fat 
found near the hoof is scooped out with the knife aeid set af^art for 
the preparation of the best quality of ofl (see b#low). The hoofs 
are washed in cold water, and then boiled with water in open pans 
over a flre f the oil which rises to thenurface of the water is skimmed 
off, and forms an inferior grade of neatsfoot oil. After about three 
hours’ boiling, the tissue%Ue tween the horny hoof and tne last digit 
bone are sufliciently softened to allow of the latter being easily scooped 
out of the hoo|. with a knife. These ‘cores,’ consistiiig of bone, 
^ Spou^Bj^icpel(^os^ia, vol. iv. p. 1868. 
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gelatiiiDus matter, aiid^fat, together with tiie small mass of fat foiitid 
near the hoof referred to above as being separated before boiling, are 
put into a separate pan of fresh water and boiled together for the 
extraction of the best kind of ncatsfoot oil. '^Fen neat’s feet yield 
from "2 to pints of a pale yellow, nearly odourless oil, which, on 
standing in a cold place, deposits a solid fat. The portion which 
remains fluid at a low temperature is used as a lubricant for clocks. 
Ncatsfoot oil was formerly much esteemed and largely employed as 
a lubricant for engines and heavy machinery ; it is now used, like 
lard liiid tallow oIIn, chiefly for mixing with mineral lubricating oils. 
The extensive demand for neatsfoot oil in the leather trade has 
probably diminished its employment as a lubricant. 

Whale Oil. — Whale oil proper is obtained from the blubbei’ of the 
Greenland or Anitic ‘right’ whale, Jia]<vna nujstiretui^ ; but com- 
mercial whale oil includes the oil from the Southern right whale, 
Baktma Auatrali.^ and various other sjjecies of Ba/ama and Bal(Hno})iera 
(fin-ba(;kcd whales) belonging to the tribe of Bahmoidea or whale- 
bone-yielding whales. 

The oil winch naturally exudes from the blubber of these animals, 
.and which is also obtained by heating it with water, is mainly 
glyccridic in charactei’, and may be distinguished at once from the 
si'.erm oils ])y its high specific gravity (above 0*011)), and by yielding 
less than i [)er cent, of unsa})onifiable matter. Whale oil even of the 
best (piality has marked drying properties, and is not fit for use as a 
lubricant; it is said to be used to some extent for mixing with 
mineral lubricating oil. 

Sperm Oil Arctic Sperm (Bottlenose) Oil— These tals, obtained 
from two diderciit kinds (genera) of whale belonging to the family 
Physfdend(v (toothed whales possessing no functional teeth in the 
upper jaw) are so similar in composition and general characters 
that they may conveniently be described together. Tr 'o sperm or 
‘ Southern sperm ’ oil is obtained from the head-cavities and blubber 
of the Cachalot or great Sperm whale, Physefftr macrocejjhalus 
(sub-family, Physetnimt), formerly found in all seas up to 70“ 
northern and southern latitudes, but now more scarce, and con- 
fined chiefly to the racific and Indian oceans. Arctic sperm or, 
bottlenose oil is obtained from the much smaller Bottlenose whale, 
Hyper'dodon roslratm (sub-family, Jtli yiichorati), which is caught 
principally in the Arctic seas between Iceland and Spitzbergen. 
Both efude oil;, contain spermaceti — sperm oil much more than 
bottle-nose — which crystallizes out on cooling ; it is separated by 
straining the oil through bags, and is used for the manufacture of 
sperm candles. Sperm oil is, therefore, liable to deposit* spermaceti 
unless it has been bagged at a very low temperature. Allen states 
that practically the whole of ^hc spermaceti is deposited by cooling 
the oil to 4“ C. (39-2“ F.). ® 

Neither sperm nor >)ottlenose oils contain glycerides ; they consist 
.entirely of the esters of mono-hj^dric^ alcohols, aiti are, therefore, 
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ch'oinically classed as fluid waxes. According, to Lewkowitsch,^ the 
nature both of * the al(?olu)ls and of the fatty acids is at present 
unknown. 

Sperm oil is pale yc'llow in colour, and when of good quality has 
only a faint odour. Unrefined Arctic sperm oil is usually dafker in 
colour than Southern sperm oil, and has a more or less unpleasant 
odour and flavour, but the deodorized Arctic sperm oil of commerce 
closely resembles Southern sperm oil. 

The low viscosity of the sperm oils at 60“ F. distinguishes them 
from many other fixed oils. With rise of temperature both 
maintain their viscosity better than other fixed lubricating oils ; this 
is shown by the following series of ratios, which have been calculated 
from the results in Table XXXIV. (pj). 162-165). 

Tablk XXIV.— Ratios of Viscosity of Sperm, Olive, and 
Rape Oils. 


Oil. 

60" F. 

1 100^ F. 

1 160" F. 

212" F. 




Comparatiive tinieB of Efflux. 


Sperm, . 


100 

! 46-5 

! 25-8 

18T 

Olive, 


100 

38 

; 17-3 


Rape, 


100 

^■•4 

17-6 

9-8 




Comparative V’^iscosities. 


Sperm,’' T 


100 

44-5 

20-2 

11-0 

Olive, 


100 

. 37-4 

15*3 

6-9 

Rape, 


100 

! 37-7 

15-8 

7*2 1 


Porpoise Jaw Oil ; Dolphin (Blackfish) Jaw Oil and ‘ Melon ’ Oil. 

— These very similar and remarkable oils are obtained from the soft 
fat of the head and jaw of two marine animals belonging to the family 
Delphinidce, viz, : — the common porpoise, Delphinus phucoina^ and 
the bottlcnose dolphin, Delphimifi glohiceps. The fat is first washed 
^in fresh water, then put into covered tins and heated for several 
hours in a closed digester with steam under the pressure of about 
ten pounds per square inch. The tins are then opened, and the 
liberated oil is poured off from the coagulated membrane and washed 
with water. It is then exposed to a low temj)ei’atur^, and th^ portion 
which remains fluid is separated. Thi'j oil, car, 5 fully strained to 
remove all solid fat, is a straw-yellow, limpid liquid. It is specially 
prqparpd in the United States for Rubricating watches and other 
delicate mechanism, and commands a very high price, Chemically, 
. it consists largely of the ^yccrides of i^aloric and other volatile fatty 
acids of the acetic series.* • 

‘Melon Oil’ derives its name from the shape of the mass of fat 
^ Akalym ofJ)ihi^tc.y third edition, pp. 866-867. 
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taken from the head oi the dolidiin, reacliinej from the spout-hole to 
the end of the nose, and from the top of the heaa to tlie upper jaw. 
When taken off in one piece it has the shape of a half water-melon, 
weighg a])out 25 pounds, and yields about G cpiarts of oil. 

Specimens of these oils, and of the crude oils from which they are 
obtained, liavc been examiiu‘d by Moore, ^ with the following results: — 


TaHLE XXV.— PllOl’ERTIES OE PoItPOISE AND DOLI’HIN JaW OiLS. 


i 

j 

! 

1 . 

UesiTiptioii of Oil. 

j 

Sajioni- 

fleation 

Value 

Uehner 

Value 

Total 
Voliitile 
Fatty 
Acids as 

1 

1 Rcidiert 
' Value, 

1 c.c. re- 
quired by 

Iodine 

Value 

1 

1 

1 Porpoise jaw oil, skimmed 

25-37 

72-05 

Acid ' 

19-91 

‘i‘5 grms. 

47-77 

49-6 

2 

and strained . 

1 Porpoise jaw oil, skimmed 

27-23 

68-41 

24-30 

56-00 

30-9 

.3 

and strained. 

Dolphin jaw oil, skiimued 

29-CX) 

66-28 

28-17 ; 

65*92 

32-8 

4 

and strained. 

PorjKuse jaw oil, un- 

14-39 

96-50 

j 

1-61 

2-08 

, 76-8 

1 

strained. 

Dolttlim body oil. 

19-73 

93-07 

2 71 

5-60 , 

99-5 


A sample of porpoise jaw oil examined by Steinbif(?fr had a 
Keichert-Meissl value of 131*6. 

A small sample labelled ^ ISuperjine Watch Oil,* manufactured by 
Ezra Kelley of New Bradford, Mass., obtained from a I)eiby watch- 
maker, had a pale golden-yellow colour, a sickly odour, and gave the 
following results : — 

Sp. gr. at 60° P\, 0-930. 

( Thicker than sperm oil. Comparative 
ruimings from a 5 c.c. pipette showed 
the viscosity to be about 1 '3 times that 
I of sperm oil ; —about 0*55 in absolute 
I measure. 

Reichert-Meibsl value, 115’1. 

tJnsapoiiiliable matter, 10-6%. (Easily soluble in 90 per cent, alcohol, and 
« resembling in appearance the wax alcohols 

of sperm oil.) 


C.— ‘BLOWN’ or. THICKENED OILS. 

These arc fixed oils, usualiyoraiie or cottonseed, artificially thick- 
ened by if process of limited oxidation, whicli consists in forcing a 
current of air through the heated oil. The oil, contained in a tall 

^ Jour. Aimr. Chem. Sofy, xi. ;i889), p. 166. 
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cylindrical iron yesscl, first r.aised to a temperature of about 
170” F. by a steam-coil. Air is then blown through it in streams of 
bubbles, at first cautiously, to avoid too rapid a rise of temperature 
and frothing over of tl»e contents of the vessel, afterwards^ more 
vigorously until the nupiircd viscosity is attained. Steam is shut 
oft' before commencing to blow air, as, by the process of oxidation, 
sufficient heat is evolved not only to maintain but to raise the tempera- 
ture of the oil, and, in order to avoid too great a rise of temperature, 
provision should he made for passing, if necessiiry, a curi’ent of 
cold water through the steam-coil. Veit(;h Wilson states ^ tht^ the 
temperature is usually allowed to rise to from *200” F. to 250“ F., 
according to whether the (juality of the product or the time occupied 
in the process is of the greater importance ; the time may thus vary 
from eighteen to forty-eight' hours. Very irritating vapo\irs, con- 
taining acetic and acrylic acids, arc given oft during the process, and 
are conveyed away by a pipe in the cover of the vessel. 

Oils thus treated increase in density as well as in viscosity, and the 
blowing is continued until the desired specific gravity is attained, 
According to Veitch Wilson, the blown oils produced commerchill^ 
for lubrication range in specific gravity from 0*955 to 0*985 at 60' 
F., and their viscosity at 180“ F. ranges from that of castor oil at 
60“ F. to about four or five times that ^-casten* oil. Jenkins states- 
that blown oil of sp. gr. 0*975 at 60“ F.^vliich is largely used, has a1 
140“ F. about df)uble the viscosity of rape oil at 60“ F., and about 
ten times that of rape oil at 140“ F. 

BlowTTtflls have a characteristic nauseous odour. Though sparingly 
soluble in alcohol, they are somewh.at more soluble than the untreated 
oils, and they I’cadily dissolve in petroleum spirit. They do not mi> 
with mineral lubricating oils in all proportions, a certain minimiin] 
amount (usually 20-30 per cent.) of blown oil being necessary tc 
give a clear solution; this minimum is greater the lower th« 
temperature, so that a mixture which is clear when warm may 
separate on (jooling, and it varies according to the specific gravity and 
origin both of the mineral oil and of the blown oil. 

The nature of the chemical changes 'which 'iccur duririg the 
blowing process has been studied by Fox and BayiU's,^ 3ftiomson and 
Ballantyne,® and Lewkowitsch,'^ but is still imperfectl_\ understood, 
Hydroxylated compounds arc formed, the acetyl value of the oil 
largely increases, and the iodine value diminishes, (llyccridcs ol 
insoluble fatty acids become largely converted ifito glycerides oi 
soluble, chiefly non-volatilc acids, and the saponification \ .d’«c of the of 
is increased. There is an increase of 1 1 to 2 per cent, in the free fatty 
acids, but the percentage of uns^onifiablc matters is not mucli 
‘changed. The evolution of heat in Maumene’s tes^ is also mucl: 
inc'*eased. The mixed 4]tty acids from blown ofts are largely oxidized 

Oar}>enter ai.d Leask, Soap, Vur.illcfs, Liihricunts, elc., pj). 2o8-272. 

- Analyst, xii. fl837), p, 33. * Jnnr. Soc. Cficm. Imh, xi. (1892), p. 503, 

* Analyst, xxiv. (1899), p. 325 ; xx^i. (1902), p. 139. 
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acids insoluble in petroleimi other, and are .also found to eoutai* 
lactones. Jenkins finds that the njelting-))oint of the mixed fatty aeidi 
generally remains sufficiently near that of the acids from the oVigina 
oil to indicate the nature of the latter. The results in Table XXVI 

Thomson and Kallantyne, and those in Tabic 
\aVL\. by LowkV}witsch. 


TahicE XXVI.- 


-(^HEMICAL CraNCiES PRODUCED BY BLOWING. 


m 

j No. 1. 

No. 2 

No. -i. 

-No. 4 . 

No. 5, 

No. 6. 

No, 7. 

f'lieniical and Physical 
Data. 
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rs 
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i o 

■ g 

!i 

ht 

jc 2: ® 
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1 ” 
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; 5 Pi 

II 

P2 

! o H..,'- 

i s 

i 1 

1 ^ 

= 

tc ST 

B **' 

Si), trr. at GO" F. (15 5' C.) 

j 0-9141 

0-927f 

. 0-9C15 

0*9672| 0*9740 ' 0*8799 

0*8989 

Free (oleu) acid, 

5-10 

5-01 

! 7-0!J 

4*93 

3 38 

! 1*97 

3*27 

Sapunilicatlon Viiliic, 

17 '.'{9 

ivS-:io 

19*49 

19*77 

21*32 

j 13*04 

14*23 

Iiisoluhle acids (llehiier 
value), 

94-70 


&5*94 

82*40 

84*97 

1 


Soluble iioii-volatile acids, 
Soluble volatile acids, 



9*20 

0*82 

11*10 

1*90 

9*00 

1*94 



Iodine value. 

lOU-5 

8.S-4 

01*2 

03 0 

50*4 

82 

07*1 

Specifle tciiipci iiturc re- 

! 



253 

227 



action, 







Unsaponiflable matt' r, 

(•■05 i 

1 

1 


0*70 

2*80 

'•(M) 

30*32 

34*05 

Fattif Acids. 

j 







Iodine value of insolulile 
acids, 



06*5 

70*2 

02*7 



Molecular weight of in- 
soluble acids, 



327 

;n7 

290 



Molecular weight of soluhle 



241 





non-volatile acids, 

•" j 


1 

1 



Molecular weight of soluble 
volatile acids, 

1 

j 


72 

70 

104 j 

i 




The blown oils chiefly produced for the m-uiufactiire of lubricants 
are Llowifrape oiVbffiwn ravisoii oil, blown mustard oil, and blown 
cottonseed oil or ‘ latidino. ' Cottonseed oil is the most easily thickened 
by blowing, but the blown oil is inferior as a lubricant to blown rape 
[>r mustard oils. Blown cbttonsccfl oil is frequently more or l^ss turbid 
iixd deposits a serliment on standing. Blown cottonseed oil does not 
mix so freely with mineral oil al blown rapeto" mustard oil, and the 
miscibility of all oils bocon es less the more they are blown Blown 
»ils mix more readily with Bussian and Scotch than jMth American 
mineral oils. • 
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Taulk XXVIa. -Chahactkus of Commekcial Blown Oils 


j 

l)uscn|)llnt) of JSlow II 
Oil. 

« 

o.- 

Free Acul 
(as Oleic). 

c 

c 

1 £ 
H'ce 

Ch 

eC 

Iodine Value. ' 

Insoluble 
Fatty Acids. 

'zH 

(. 

c 

Apparent. 1 
Acetjl Value. 

t £ 

H 

JU 

Is . 

c u 

Is 

2 

Kuiie, 

0 5)714 


20-f.G 


Per c 

•• 

ent. 

-- 

24-95 

()-i0 

5-.1i 

1 • 

()-0G74t 

4*88t iJ0'7.'-j| 

G5-3t 

88-Clt 

3 78t 





East Indian llajio 

; 0-9023 

(J62 

21-56 

61-5) 

82 IS 

5-G3 

20 74 

10-29 

l-CG 

0-93 

Kavison, . 

tl'9685 ' 

5-28 

15)83 

72-7 

83-52 

' 3-55) 

21-22 

S-84 

5-29 

1-23 

Cottonseed, 

() t)7-22 , 


21-37 




26 45 

G'SG 

4-85 


1 

' U- 5)785 ' 

4-70 

22-4(5 

(55-7 

82-59 

4-66 

i 

29-39 

n-07 

6-43 

1-37 


' liisolulilo ill petroleum spirit. t Oripper. 


Blown oils ill admixture with mineral oils arc very largely used 
as lubricants ; and for certain purpos^, such as the lubrication of 
marine engines, such mixtures appear to supply a distinct want. 
The mineral oils entering into their composition are usually those of 
low or moderate viscosity. Whether such mixtures arc as suitiiblo 
for railway work as tliose produced by mixing mineral oils of greater 
viscosity with ordinary rctineil vegetable or animal oils, such as rape 
oil or tallow oil, has never been satisfactorily proved, so far as the 
authors are aware, fs'evcrthcless, it is a fact that some largo railway 
companies use one kind of mixture and some the other. 


L). ROSIN OIL. 

Kosin oil is the principal product of the destructive distillation of 
common rosin or colophony. The distillation is condiuitcd in cast- 
iron stills heated by a lire below. The charge of rosin varies from 
3 to 10 tons. The first portion of the distillate, boiling between 80" 
and 250' C. (176" and 182" F.) and amounting to about 2 A* to 5 per 
cent, of the weight of the rosin, is a very complex, iimpiu b^nzid, known 
us rosin spirit, which is used for making varnish and Tor the adultera- 
tion of oil of turpentine. This is '►ollowcd, at a temperature abo^^e 
300" C. (572" F.), by the rosin oil, which, if the distidation be pushed, 
to dryness, may amoui. t io 85 per ceftt. of the total products. About 
per cent, pf water containing a little acetic acid passes over during 
the distillAtiom and a considerable quantity of gas is given off, con- 
sisting of oxides of carbon^ and^ydrocarbons of the ethylene series. 
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A residue remains in the still, consisting of eitlnr pitch or coke, 
according to the stage at which the distillation is arrested. 

Crude rosin oil is a viscid liquid of more or less dark brown colour, 
with a strong, usually blue or violet, liuoresccncc. It always con- 
tains a considerable [)roportion of rosin acids which liavo distilled over 
unchanged. By heating to a temperature of 1 50“ C. (302° F.) for tliree 
or four hours, the hist traces of sj)irit are removed, the oil loses from 1 
to 5 per cent, in weight, and ac<piires a green fluorescence. By well 
boiling with water t(j expel acetic acid, and redistilling once or twice 
from (Rustic soda, i-elined rosin oils are obtained, wliich are pale in 
colour. The fluorescence or bloom is destroyed by cx[)osing the oil to 
the air and sunlight in shallow vessels, or by treatment with hydrogen 
peroxide, nitro-naphthalene, etc. 

(.Commercial rosin oils usually range in specific gravity, according to 
Lcwkowitsch, fn)m about 0‘96 to 0’99, hut oils are met with having 
a specific gravity as high as 1*01. Rosin oils are strongly dextro- 
rotatory, the rotation varying from 30 to 40 degrees or more in a 
100 mm. tube. 4dics(i properties, their ready scilubility in acetone, 
and certain colour reactions, are made use of to distinguish rosin 
oils from mineral oils (see p. 295). 

Rosin oils, when titrated w ith alcoholic {)otash, neutralize an amount 
of alkali which varies according to the quantity of rosin acids they 
contain. Ac(;or(rmg to Leeds,’ the crude oils neutralize from 2*8 to 
4*4 per cent, of ])otash (KOll), but by careful distillation or refining 
they can be obtained almost neutral. FiSters or anhydrides are also 
present, which do not m'utralizc alkali in the cold, but can be saponi- 
fied by boiling widi potash, as in determining the saponification value 
(p. 221). The rosin acids can be obtained from 'he soap solution, 
gravimetrical ly, by acidifying and shaking with ether, after removing 
,the neutral rosin oil as described in Chapter VII., p. 224 Owing to 
the presence of I’osin acids, commercial rosin oil has the property of 
combining with calcium hydroxide and other bases, forming peculiar 
greasy bodies. This property is utilized in the manufacture of rodn 
(jrease (see p. 1 29). 

The chemical conq)ositi«n of rosin oil is not fully known. Accord- 
ing to Renard,- the neutral oil, purified from acid substances by wash- 
ing with caustic soda solution, consists to the extent of about 80 per 
cent, of (HterehenthnJ (roolL.o) bciling at 343“-346° C. (649°-655“ F.) ; 
about 10 per cent, is (Hterehenthylme (CyoKgf^), and about 10 per 
cent, illdihme (C.^jlif ^,.). The hydro(;arbon C^^jHgQ obtained by Renard, 
when exposed to th« air in thin layers for five days, absorbed about 
one-tenth of its weight of u.vygcn, and dried to a varnish. 

Rosin oil is used as a luln-icant for batching jute. It is n(% suitable 
"or the lubrication of machinery, but is used to adulterate mineral and 
other lubricating oils. The methods for its (Jeijpction are given in the 
chapters following. 

' Jour. Soc, Chem. hid. xi. (1892), p. 308.^ 

” Jour. Uhei,\. Hoc., 1^8, Alis., p. 161. 
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E.— LUBftICAKTS CONTAINING SOAP. GEEASES. 

Soapthickened Oils. — Mineral oils are sometimes artificially 
thickened by dissolving soap in them. Aluminium soap is usually 
employed for tins purpose. It is prepared l>y saponifying whale, 
cottonseed, or lard oil, or by neutralizing commercial oleic acid, with 
caustic soda, and i)ouring the solution of soda soap, gradually, into a 
solution of common alum, stirring all the time. Crude aluminium 
oleale separates out as an insoluble, gummy precipitate, vyliich is 
pressed free from water and heated with about four times its weight of 
mineral oil until dissolved. The gelatinous material tlnis produced 
is sold for tliickcning oils under the names '■viscom,’ ^ o\l-}m^y>^ or 
'' ^ etc. A comparatively small (piantity melted 

into a mineral oil will considerably increase its a])j)arent viscosity. 

Mineral oils thickened in this way can easily l)e recognized by the 
tendency to form threads when the oily cork is removed from the 
bottle, and by their peculiar non-homogeneousa})pearanc(', resembling 
a mi.xture of oil and jelly. The spurious viscosity rajndly diminishes 
when the oil is heated, ‘“•chweitzer regards this addition to mineral 
oils as pure adulteration, and states that experience has shown that 
in contact with water and steam the ajkiminium soap is precipitated 
and clogs the macliinery. On the other hand, Bloede states that by 
the presence of aluminium soap the adherence of the lubricant to 
metal surfaces is much increased. 

Aluminium soap is not the only soap used as a thickener. A 
sample of thickened oil analysed by one of the authors had the 
following composition : — 


Russian mineral c»il (0'909), . 

. 97-08 

Neutral fixed oil, . 

•58 

Fatty aciids as soa}), etc.. 

1-97 

Ash, chiefly CaCOg, 

•12 


99-75 


In this case, about 2 per cent, of lime soap was the thickener used. 
The Kussian oil, freed from soap by washing w ith hydrochloric acid, 
had a viscosity at 60“ F., about three times that of refined rape oil. 
The 2 per cent, of soap mnde it so viscid at 60“ F. that, it would not 
flow through the viscometer. The sample had the appearance of a 
non-homogeneous mixture of jelly and oil, and tormed tnreads in 
dropping. * 

Soap-tjiickened Greases. — Under this name may bo included the 
various greases which consist of mineral oil thickened with sufficient 
soap to form, at ordinary temperatures, a consistent grease. The soaps 
usually employed for ihfe purpose are lime, soda, or lead straps, made 
with various fats and oils. T. J. Redwood ^ has described in detail a 

^ Hiibrioantny and Greases 
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process of manufacturing a grease of tins kiod from mineral oil, horse 
fat, and lime, from which the following is abblcviatOCL 

The fat is melted in a steam-jacketed kettle provided with a 
mechanical stirrer, and is raised to a temperature of about 180" F. 
Crcam*of lime is then added in sufficient quantity to saponify the fat, 
the cover is put on, and the whole is boiled and stirred until 
saponification is complete and a little of the soap rubbed down in 
the palm of the liand exudes only a few minute drops of water. A 
portion of the mineral oil, at a temperature of about 190° F., is then 
slowI;^s[)rayed on to the soap in the kettle, and is thoroughly incor- 
porated with it by continual stirring ; a further quantity of mineral 
oil is tlicn sprayed in cold, until the desired consistency is reached. 
After continuing to stir for about half an hour longer, the still hot 
contents of the kettle arc run off' through a cooling pipe into a 
grinding mill, in whiedj ail lumps arc reduced and the grease is made 
of a uniform smooth consistency. It is then packed in casks. 

Ivcdwood states that greases are i^sually thickened with a 

soap made from either horse fat, cottonseed oil, or rape oil, saponified 
with lime as above described. ‘ Emjine^ greases arc thickened with 
a soap made from tallow oil or lard oil and caustic soda, and often 
contain ncatsfoot oil, .lapan wax, beeswax, etc., in addition. The 
latter greases are paler in colour and firmer in consistency than those 
made with lime soap. They frequently contain excess of caustic soda, 
which becomes converted into carbonate of soda and is liable to cut 
the bearings. All these greases may be scented with nitra benzene, 
which is added when the grease is in the mill, for the purpose of 
disguising the fat used in making the grease; it serves no useful 
purpose, but is rather detrimental than otherwise. These greases may 
also contain solid lubricants, such as graphite, talc, etc., or mere 
filling materials, such as barytes and chalk. The followh^g are a few 
analyses of greases of this kind : — 

Table XXVII.— a. Lime Soap Oreases. (Axle (Jreasee.) 


Mineral oil (0-885-0-912), 
j Fixed od or fat, 
i Fatty aimycl rides,*, 
i Lime, * . . 

j Water, by difference, 


1. 

2. 

3. 

4. 

5. 

81-8 

72*5 

73-4 

72-0 

74-5 



1’4 

0*5 

()'4 

87 

lii 

12-1 

17-G 

17-6 

1-3 

1-5 

2*6 i 

1-9 

1-5 

8-2 

14*9 

10-5 

8-0 

0-1* 

# 



o 


lDO-0 

100*0^ , 

^00-0 

100-0 

100-1 


Determined. 
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b . Soda Soap Greasks, 



1. 

2. 

3. 

Mineral oil (0-88G-0-899), . 

0.5 -00 

70*9.3 

42^81 

Fixed oil or fat, 

8-97 

2*02 

34*38 

Soda soa]) (anhydrous), . 

1611 

9*30 

! 16*37 

Sodium silicate, 


6*10 

! 4*76 

Sodium carbouiile, . 

319 


! 

Sodium .sul])liate, . 

1*67 



Water, by diflei ence, 

1.5*06 

1 1 *60 

1;68 


100*00 

1 100*00 

: 100*00 


c. Lead Soap Grease. 


Mineral oil (0*900), . 


. 48*0 

Neutral fat, . 


8*7 

Fatty acids, 


2*6 

Resin acids. 


. 9*9 

Lead oxide, 


. 3*0 

Lime, 


. 0*9 

Water, . , . , 


. 27*2 



100*3 


Bailway Wagon Grease. — Tlie yellow grease mod in the axle- 
boxes of niilway wagons is composed, usually, of tallow, palm oil, 
soap, and water, l^ant Carpenter states that a grease containing 
from ri to 1*2 f)er cent, of swla has been found to give the best 
results. The tallow and palm oil are heated to 180" F. (82" C'.), and 
a solution of the (jarbonate of soda in the water heated to 200'’ F. 
(93 •5" C.) is allowed to flow into the melted oil ; the whole is then 
well stirred together and run into large tubs to cool slowly. The 
following forimilai for greases of this kind are said to have stood the 
test of successful experiment : — 

Taiu.k XXVIII.- Kormul.e for Railway Wagon Grease. 


Mitterials 

Summer. 

Medium. 

Winter. 

Tallow, 

22*0 

20^3 

c 

18*0 

Palm oil, .... 

12*0 

1'2*0 

.2*0 

Sperm oj colza oil, . 

1*0 

J*.5 

2*0 

Soda crystals. 

MO 1 

5*0 1 

5*0 

Water, . , 

60*0 

c 

61*5 

63*0 


100*0 

100*0 

100*0 ’ 
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The soda crystals (scjdiiim carbonate) in the abo7c forinuUe would 
have the etlect of neutralizing and forming a more or less perfect 
soap with the free fatty acids contained in the palm oil and tallow, 
but it would probably be better, instead of adding a fixed weigiit of 
sodium* carbonate, to add sufficient caustic soda to neutralize the 
free acid actually present in the fat used. 

Sometimes a manufactured soap made from palm oil is used ; 
thus, the grease used on the Midland Railway was formerly made by 
dissolving 6 cwt. of palm soap in twice its weight of water, and 
adding to the soap solution G cwt. of tallow and 2 cwt. of palm oil. 
The well-stirred mixture was run into shallow iron pans, in which it 
was stirred with wooden paddles until set. The palm oil is now 
rep]a(;ed by a dark mineral oil, the process of manufacture remaining 
in otlier respects the same. The following is the percentage com- 
position of this grease, allowing 2| per cent, for loss by evaporation 


of water during manufacture : — 

^J\il]()w, 23-3 

Palm oil or mineral oil, . . . . 7'8 

Dry soap, 16’3 

Water, . .... . r)2'G 


100-0 

In an experiment made on the Great Western Railway in 1865, 
under the direction of Mr. Clayton, late Carriage and Wagon Super- 
intendetit of the Midland Railway, a train of passenger carriages 
lubricated with axle-grease ran 4999 miles in four weeks without 
r(*})lenishing the axle-boxes, and at the end of that time about 
66 lbs. of greas(i had been used. This quantity was equivalent to 
21 ounces of grease per 100 miles for the whole train, or HI ounces 
for each carriage, or less than 1 ounce of grease per axle-box per 
100 train miles. 

A good wagon-axle grease should melt at 100°-110* F., without 
separating. Cup greases which melt at higher temperatures, and 
from which the mineral oil separates and leaves the soap, are 
unsuitable for railway wagons. 

Wagon grease is sometimes adulterated with china clay. A sample 
examined by one of the authors contained 

Fatty matter and soa] , 20'8 

China clay, 19*3 

• Water, 59-9 

1000 

Resides being a poor lubricant, this grease caused trouble through 
the china clay accumulating in the boxes. 

Eosin Grease. — Rosin grea e is made by stirring together rosin 
oil and slaked lime. One method of preparation consists in stirring 
the rosin oil with about three-fourths of its weight of slaked lime 
made into a cream with water. The mixture rapWly solidifies, ex- 
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pelliiig the superfluous water, which is run, off, and the grease is 
then diluted hy gradualiy stirring in a further ((uantity of oil, until 
the desired consistency is attained. The oil used for diluting may 
be rosin oil, f)etroleum, or neutral coal-tar oil (‘grease oil ’). (Irease 
is also made by mixing dry slaked lime with rosin oil, withoul water, 
also by mixing the lime with mineral or coal-tar oil, and adding the 
rosin oil afterwards, barytes, gypsum, whiting, and other tilling 
materials are also sometimes added. 

I ,1. Hedwood describes the following method of making a ^ set ’ or 
axle-gi’ease from rosin oil and mineral oil Dry sifted slaked lime 
and twice its wenght of mineral oil arc thoroughly stirn'd together 
for several hours, until a perfectly uniform mixture is produced. A 
certain (quantity of this prepared lirpiid, called the ‘lime part,' is run 
into a barrel or other receptacle, and, whilst being vigorously stirred 
by nu'ans of a perforated metal disc attae.hed to a handle, which is 
worked up and down in the barrel, the rosin oil or ‘set’ is quickly 
run in, and the whole is stirred for a few seconds and then allowed 
to remain at perfect rest until thoroughly set, which will take place 
in from five to fifteen minutes. 

The foj'mation of rosin grease has. been attributed to a supposed 
property possessed by the unsaturated hydrocarbons contained in 
rosin oil of combining directly with lime and other bases. This, 
however, is not the true explanation, ^(h’lide rosin oil invariably 
contains a considerable yxjrcentage of rosin acids (undccomposed 
colo{)hony), which have distilled over with the hydrocarbons, and it 
is the ccunbination of tliese acids with the lime, forming a soay) when 
the rosin oil and the lime are stirred together, which is the real cause 
of the formation of rosin grease. Itefined rosin oil, which has been 
freed from rosin acids, is incapable of forming a grease with lime ; 
on the othei* hand, the larger the percentage of ro.un acids contained 
in the crude rosin oil, the stifler the grease which can be formed.^ 

Rosin greases are used to lubricate the iron axles of colliery trucks 
and ordinary road vehicles. They are not suitable for brass bearings, 
on account of the rapidity with which the grease aeelipes under the 
iriflueiKJe of heat and friction.*^ The composition of rosin grease is 
shown by the following analy’^scs : — 


Hydrocarbon oil (0-954),. . . 87-7 

Rosin, .37 

Slaked lime (Oa(OH) 2 ), . • • • fl'4 

Water, by difference, . . , . 2 * 2 " 

♦-Hydrocarbon oil (0*962), . , 86*6 

Rosin, 7*0 

f>laked lime (Ca(OH) 2 ), . 4 . . . .4*5 

Water, etc., ' . . . . . 1 * 9 ,^ 


100*0 


* Archbirtt, Jour. iSoc. C^em. hid., xx. (1901), p. 1193. 
^''Mills, Destructive Diddlation, p. 98, 


• ( 
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Even rosin greas^e is adulterated, O^ic ol the authors once 
examined a grease of this kind, sold for lubricating colliery trams, 
which contained nearly 50 per cent, of calcium sulphate and 25 per 
cent, of water. 

Screwing and Drilling Liquids. — The lapiid used for lubricating 
cutting tools is usually a solution in water of soft soap and soda. 
The li(piid used at one works is made by boiling in 100 gallons of 
water 18*5 pounds of soda and 15*5 pounds of soft soap. Another 
lubric.'int of this kind was found by analysis to be a solution of rosin 
soaprin rosin oil. It had the following composition : — 


Rosin oil. 

. 74 !) 

Rosin aci<ls, 

. 23-5 

Soda (NjKjO), . 

1 -5 

Oxi(h* of iron and lirnc, . 

•1 


100-0 


Anotlier liquid, which readily formed an emulsion with water, was 
composed of 


Mineral oil, . , . 

. 54-2 

Fixed oil, 

. 1-4 

Free fatty acids, 

16-2 

Soda and ammonia soaps. 

11-7 

Water, . ... 

. IG-f) 


100-0 


Hot-neck G-i eases. — ^rhese grea^x^s are fre(pieiitly made from still 
residues, such as stcarinc pitch, wool j)itch, miriral pitch from the 
distillation gf American crude petroleum, Russian mineral pitch or 
goudron, cither alone or mixed with heavy mineral lubricating oils, 
and thickened with rosin grease, soap, etc. (k>al tar pitch and 
Trinidad pitch are also used. Some of the best hot-neck greases are 
composed of heavy mineral lubricating oils thickened with soap. 



CHAPTER VI. 


rilYSlCAL iniOPEIiTlKS AND METHODS OF EXAMINATION OF 
LUBKICANTS. 

A.— VISCOSITY AND VISCOMETRY. 

The meaning of viscosity having })ccn explained and the subject 
discussed generally in Chapter II., the methods of measuring the 
viscosities of oils and other Ihpiids vimmietry^) will alone be 
considered here. Various metliods have been proposed, based upon 
such observations as the rate of ascent of air-bul)bles or hollow glass 
spheres in th(^ liijuid tlie torsional vibration of a disc in its own 
plane when suspended by a wire and iimnersed in the liquid;- the 
speed of rotation of ])addle wheels, cylinders, etc., immersed in the 
liquid and kept in motion by a falling weight,-^ etc., etc. The most 
accurate, and the most generally employed method for exact work, is 
that of I’oiseuillo, in v iiicli the rate of flow of the liquid through a 
ca})illary tube und('r known conditions of temperature and pressure 
is nn^asured. Foi- commercial purposes the comparative viscosities of 
lubricating oils are usually ascerUiined by mcjusnri.jg and comparing 
the rates of discharge (‘efflux velocities’) of tluj oil and of some 
standard liquid from a small orifice or jet ; in the United States, 
however, Doolittle’s Torsion Viscometer is a good deal used. 

We shall commence with a description of tins method of Toiseuille ; 
for .although that method has not come into general use for com- 
mercial purposes, it has occasionally been thus employed, and we 
have used it for determining the viscosities of mixtures of glycerol 
and water from which the t^rble on pp. 140-143 was constructed. 

Absolute Viscometry. ** 

Determination of ViscMuty in Absolute MecCfiUre ^ — i oiseiiille’s 
method of viscometry depends up.»n the following facts, which he 
proved experimentally : — (1), that the rate of flow of liquid through 

^ Mills. See llcdwood, Petrolcinn^ first edi ion vol. ii. p. 619. 

Doolittle, Jour. Amer. xv. (1893), p 173; and Jour. Uoc. Chem. 

hid., xiM1893), p. 709. 

® Napier and Cockrell. See Redwood, Petrolcmu. first edition, vol. ii. p, 619. 

< See p. 18. • , ^ 
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a capillary tube of suitable dimensions is p) oportional to the pressure, 
and inversely proportional to the length of the tube ; and (2), that the 
rate of flow through a capillary tube of cylindrical bore is proportional 
to the fourth power of the radius of tlie bore. Prof. Osborne ilcynolds 
has shown ^ that to ensure these conditions of steady viscous flow the 

proportions of the tube must be such that is less than 700, where 

r; 

Tq is the radius of the bore, v tlie mean velocity of tlie fluid, d the 
density of tlic fluid, and r; its viscosity. The viscosity of the fluid 
in absolute measure is then given, approximately, by Poiseuille’s 
formula, 

in which g is the acceleration due to gravity, d the density {)f the 
fluid, k the mean head, i the time, V the volume of licpiid discharged, 
and a the length of the tube. 

To obtain the true viscosity, corrections must be made : (a) for the 
viscous resistance to the flow of the liquid at tiie ends of the tube ; 
(P) for the abnormal flow of the li(piid on lirst entering the tube ; (y) 
for the kinetic energy with which the li(piid leaves the tube ; and 
(8) for the I’esistance due to surface tension eftects at the discharge 
orifice. (.'Orrections a and fi have never yet been devised, but errors 
due to these eflects may be reduced to very small ))roportions by 
making the tube long. Correction y is made by deducting from the 

mean head a quantity = this correction may be made very small 

by using a tube so narrow and so long that the movement of the 
liquid is very slow. The error due to surface tension eflects, which 
may be serious, is so variable that the correction 8 is best eliminated 
altogether by immersing the discharge orifice in the litp.id and making 
a suitable deductioji from the head. 

Description of an Absolute Viscometer. — The a])|)!ii'atiis employed by 
the authors is illustrated in fig. 37. The capillary tube A was carefully 
selected and calibrated frmn »Mid to end, and was found to be of practically 
unilonn bore. Viewed through a lens magnifying 20 diameters, the bore 
appeared to be periectly cylindric,il in section, flflie diameter, calculated 
from the weight of mereuiry required to fill the tube, was O’GISO mm., and 
the length ol the tube, measured by a Whitworth maidiine, was 21*991 cm. 

J hus, the length was about 350 times the diameter, and, as we estimate from 
es'periments mad>j with Redw’oods Visc-ometer that the magnitude of the 
correction a (see abpve) is about equal to the friction of a length of capillary 
tubceimalto the dianiete> ef the bore, our results from this cause cannot be 
more than about 0*28 pci cent, top high. The kinetic, energytcorrection, 7, 
also became ve.ry small, owing to the narrowness of the bore, amounting to 
unly 0*5 jjer cent, of the head the e-ase of water (viscosity = 0*01), an**^ 
being ijyite negligible in the case of all the g^cerol solutions except the 
bhiniiest(r?= 0*0379), and in that making a difference of only 0*05 per cent., 
er 2 in the fifth decimal place. 
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The capillary tuhe was 
groiiiifl into the neck of tlie 
reservoir B^and was connected 
at its lower end, through the 
wide glass tube C, wifli the 
measuring tube D. The glass 
water-jacket E for maintain- 
ing the temperature constant 
contained a stirrer of brass 
wire H and a thermometer K, 
indicating tenths of a degree 
Centigrade. By drawiilg off 
a little water through the 
tube M, and adding either 
warmer or colder water 
through the funnel lube 0, 
and vigorously stirring, the 
slightest alteration in the 
tcmjHirature of the bath could 
be corrected at onc^e. This 
is a most important point, 
for the viscosity even of water 
undergoes a remarkably ra])id 
alteration with change of 
temperature. Thus, the vis- 
cosity of water, which is about 
0-013 at 10" C., falls to 0*010 
at 20" C., or an average 
diminution of 2*3 jier cent, 
per degree. The viscosity of 
oils, especially mineral oils, 
and of many other licpdds, 
changes at a much greater 
rate. Bairing in mind the 
great importance of keeping 
the temperature of the liquid 
constant, the india-rubher disc 
P, closing the lower neck of 
the water-jacket, was made 
only about inch thick, and 
was juished high up into the 
neck in order that the pro- 
jecting end of the capillary 
tube below the water-line 
should be as short as possible 
and well screened from cur- 
rents of cGoler or .yarrner air. 
The tul3es C and 1), which 
wt;re not ])avt of the original 
design of the apparatus, were 
added in coii.sequence of the 
erratic results obtai»ed with 
water, owing to the varying 
tension of the free surface 
of the liquid (correction 8), 
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when the end of the cajhllary tube was open to tlu* air. T> was dr^n 
out to a point at the iijiper end, in ortler to prev<.nt, or reduce to a 
minimum, evaporation of, or absorption of, moisture from the air by the 
iKpiid in Ihe tul>c. D was not jacketed ; but, as all our exjieriments with 
this ajipciratUH were made at 20” C., which was very nearly the tem])erature 
of the faboratory, any error due to the very slight diHereiic-c in the tem- 
perature, and therefore in the density, of the Iluid in 1) as comjiared with 
that in B, must have been quite negligible. The tube D was carefully 
calibrated, and the cajiacity in c.c. per millimetre, from the zero mark a 
ui^wards, was accurately ascertained. The reservoir B was also ciihbrated, 
from the zero maik h downwards. The vertical distance lietween the two 
zero .narks, measured by a cathetometer, was 25’50 cm. The shaded 
portions of the ligmre represent indiarubber connections. 

Method of Experiment - tube 0 was first of all flisconnected from tubes 
A and I), and each was thoroughly well washed with water, then rinsed 
with alcohol and ether, and dried by asjiirating air through it. Having 
filled B, A, and (J, and mcistciied the inner surface of I) with the liquid to 
be tested, 0 was again fixed in jiosition, taking cure that no air bubbles were 
entrapjied, and that the ends of the tube were ]mshed into close contact Avith 
the ends of A and D. The height of 1) Avas then adjusted in the clamp 
holding It, so that the zero mark h' was e.\a(-tly level with a fixed mark on 
the capillary tube A. The iipja r end of the capillaiy tube Avas closed, 
meanwhile, by a valv^e made of a small cork fixed on the end of a platinum 
AAure. "J'he liijuid Avas alloAved to remain at rest until the tenijierature had 
settled down to exactly 20" C., and during this time the free surfaces of the 
liquid in B and 1) were a<‘(uirate1y adjusU'd to the zero marks. All being 
ready, and the lujuid perfectly motionless, the cork Aulve Avas raised and 
the li(iiiid allovved to flow ; the time Avas then measured Avhicli the meniscus 
in D took to rise between two points, the heights of whudi above // were 
successively measured by a cathetometer. In experimenting with a thin 
liquid like Abater, the fluid rose in 1) with comparatiw ra])idity, and after 
each exjierimont Ihe valve was close.d and the liquid readjusted to the zero 
marks ; but with the glycerin solutions the rise took jilacc so slowly that 
several successive observations could be taken without stop])ing the iloAV of 
liquid. The excess of Umsion of the meniscus in the narri •. tube D over 
that in the Avide tube B was ascertainetl sejiarately for eacn liquid by con- 
necting J) Avith a tube of the .same diameter as B, without the intermediate 
capillary tube, and measuring Avith the cathetometer the difference in height 
of the liquid c-olumns whicli balanced each othei in the two tubes ; this 
difference Avas added to tlq*. measured head. 

Ihe apjiaratus, as shown in tig. 37, was found to give very good results 
aaKIi liquids Avhose visco.sity did not exceed that of rape oil (about ITl at 
GO” F.). With more visc-mis fluids, the movement was so sluggish that it 
AA^as found nece.ssary to increase die pro.ssm’e by lowering the tubes C and D 
and inserting a connecting tube between C and A . In these experiments, the 
head wat measured by the cathetometer on a millimetre scale suspended 
vertically liy the side of the apparatus. 

Experimental Determinu coa of the Vlvmity of Water at 20“ 0'.— This 
determination was made to test the capaliilitics of the apparatus and 
method of working. Th ■ distilled water used was well boiled in a 
silver flask to expel dissolved gases, cooled to 20° C., and immediately 
introduced into the viscometer. ^ 

t, the niean time of floAV, Avas measured by a stop-watch, which was started 
and stopped as the meniscus in D passed two points, 2T65 cm. and 
10*83 cm. respectively, above zero (o'). Five expei»ments were made, 
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and the times recorded were 136*2, 136*3, 135‘8, 136*9, and 135-8 
seconds ; lienee the mean time was l.W’O seconds. 

V, the volume of water flowing through tlie capillary tube in t seconds, 
was the c-ajiacity of D between tlie two points above Tef erred to, and 
amounted to Jf 00756 c.c. 

A, the mean head of water, was calculated by subtracting from the'vertical 
distance 66' the initial and final distances of the li(piid surfaces below 
6 and above 6', one centimetre of tube D being equal in capacity to 
0‘032 centimetre of JL Thus : — 

CentimetreB. 

Initial head = 2r>-r)U- 2-] 55 -( 2-155 x 0*032)= 23*28 
Final head --.25*50-10*83 -(10*83 x 0*032)= 14*32 


Mean 

Add excess tension of meniscus in D 


18*80 


*28 


Mean head (6) 

Subtract for kinetic energy of efllux (A^) 
- , where v— X, (Wilherforce) 

Corrected mean head (k-h^) 


- 19*08 
= *098 

=-' 18*982 cm. 


d, the density of water at 0., 

I'y, the radius of the capillary tube, 
ity the length of the capiilaty tube, 
(/, the acceleration due to gravity, 


= 0-998259 

- - 0*0309 cm. 

= 21*991 cm. 

= 980*51 cm. second.^ 
= 3*14159 


l^hen, by the formula {J^oiscuUle -Wilherforce) 


Therefore, the absolute visc-osity of water in (J.G.S. units at 20^^ C. deter- 
mined by this apparatus is 0*01028 dyne per s(p cm.* 


Visrosities at 20° C. of Mixtures of (Hycerol aiid Water. — The 
glycerin used for these determinations was purchased as pure from 

Messrs. Hopkin & AVilliams. The specific gravity at 

1*2568, corresponding to 98 per cent, of glycerol and 2 j)cr cent, of 
water, according to Uerlacli’s table. The viscosity of this was care- 
fully determined, without dilution. It was then mixed with distilled 
water. Six diflerent mixtures were prepared, having a sinti;^)le range 
of viscosities, and the specific gravity and viscosity of ‘‘.ach mixture 
were carefully determined. The data and results obtained are given 
in the following tables. 

* Magnus . Maclean (77/ //.s/mZ Uuifs, 1896) gives tJ)c value 0 -l 1O2, based upon 
results obtMned by Spruaj (1876), Meyer (1877), and Sloitc (188,^1 Tliorpe 
and Rodger (P/iit. Trans., vol. clxxxv.A, j). 397) obtained the value 0*010016, and 
have recalculated tlie values obtained by previous observers with the following 
results: — Poiseuit’i, 0*01008 ; Sprung, 0*01003; Slotte, 0*01008. 
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Tablk XXIX.-Visoosmiss in Dtnbs peb sq. cm. ok Mixtures 
OF Glycerol and V/ater. 


Glycerin No. 


1. — Specific gravity at 


20 °’ 


1-1007 


-- if- , 

Number of 
Exjieriment. 

1 

2 

3 

4 


)» 




20 “ 

4“’ 


r0988 


Glycerol = 40-0 % (aerluch). 


Volume (V) i Mean Head 
(/t) cm. 

0-9298 I 22-51 

i:}80') ' 17-87 

2- 7868 I 21-48 

3- 7052 I 20--J5 


'I'imo (t) 

Viscosity 

•Second H 

(»?). 

89-3 

0-0379 

167-8 

0-0381 

278-7 

0-0377 

1 390-1 

! 1 

0-0378 


Glycerin No. 2. — >Sj«!cific gravity at ~ , 1-1848 


» ,, -ji-, 1-1828 

Glycerol = 71-04 % {Gerlacli). 


Number of 
Exiienment 


I Volume (V) 


Mean lle<ad 
(/*) cm. 


Timc(0 Visfosit-v 

•Seconds. (^) 


1 

2 
3 


0-9297 I 22-75 

0-9298 i 20-17 

0-9188 I 17-59 

I 


511-6 

574-1 

654-2 


0-2361 

0-2351 

0-2365 


Glyckhin No. 3.— SpeciRc gravity at 12057 


» » V, 1 -2037 

4 

Glycerol -= 78-78 % {Gtrlach), 


1 Number of 

Experiment. 

Volume (V) 

• c.r. 

Mean Head 
(h) cm. 

'i’ime (0 
Seconds. 

Viscosity 

G). 

1 

2 

^ 3 

0-464; 

0-465J 

0-4662 

23-47 
a. 21-92 
2037 

518-2 

549-1 

579-4 

0-6029 

•0-4972 

0-4875 

6 

0-6975 

0 6973 
0-6895 

22-03 

19-97 

17-91 

*S17-6 
905-3 
1014-2 a 

0-4962 

0-4982 

0-6062 
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TVble XXIX. — continued. 


(JiiYCERiN Xo. 4. --Si)ecific gravity at 


2^ 

20 °’ 


20 ;;; 
4° ' 


]'2l5r) 


1-2134 


Qlyrt^rol = 82*4 J % (Oerlach). 


! NumbLT of 

Volume (V) 

Mean Head 

i Time (0 ] 

Vjftccjity 1 

1 ExjHjrimenl. 

t'.C. 1 

(A) cm. 

( SecomlR. 1 

(»j)- i 

1 

0*4644 

24-61 ! 

729*3 j 

0*7486 ' 

i ^ 

0*6971 

23-22 

1165-6 1 

0*7520 

1 1 

0-6977 

21-36 1 

1262T) 1 

0-7486 


(iLYt'KKi.v No. 5. — SiMtcitic gravity at 1*2240 


20 “ 

1 “’ 


1-2218 


(jtlycerol = <R’55 % (derlach). 


N umber of 

Volume (V) 

Mean Head 

Time (0 

N isoosiLy 

FAporunent. 

c.c. 

(/<) cm. 

.Secoiuifi, 

(»?). 

'A 

^ *r 

1 

0*4645 

21-12 

1099-9 

1*1142 

2 

i 0*6973 

22*62 

1742-0 

1-1024 


3 

0-4649 

22-26 

1193*0 

1*1144 


4 

! 0*4652 

21-02 

1258*0 

1*1089 

Cl <4 j 

5 

1 0*4646 

j 19*77 

1345-0 

1-1106 

— . 

— _ 

— — 

— — 



1 _ 


OiA'OivJiiN No. 6. — Specitic gravity at 


2 ^ 

2(r' 


20 ' 


1*2463 

1-244J 


(Jlycerol - 93 96 % {(iaciavli). 


Nmnbtrof 1 

Volume (V) ' 

Mean Head 

Time (t) ( 

ViHCosity 

Evpcrinieut. 

c.c. 

(/Own. 

Hecouds. j 

(i?) 

1 

1 . i 

0* |645 

98*63 

969 

1-0861 

‘2 i 

0*4649 1 

97-19 

980 

:*0687 

1 

0*4652 1 

95-43 

1001 

4*0779 

4 c i 

Q-4640 1 

93-99 i 

1015 j 

4-0832 



PHYSICAL PROPERTIES AND KXA'IINATION OF LUBRICANTS. 139 


Tajjle XXIX. — continued. 

20 ” 
20 ”’ 


GiiYCERiN No. 7. — Specific gravity at 


1-2568 


* 



20” , .rAC> 

^ 1 -2546 




Glycerol = 

98*0 % ((Jerlach). 


\uinl)er of 
Experiment. 

Volume (V) 

f.C. 

! Mean Head 

I (/i) cm. 

1 Time (t) ' 

Secomls. 

Vifacosity t 

(v) ' 

1 

0-4644 

99-25 

1 

2030 

8-6884 i 

2 

0-4648 j 

97-70 

' 2051 

8-6337 ! 

3 

0-4050 

96-46 

2103 

8-7366 1 


Collected Kesults and Mea'- Valdes. 


Olyokuol ani> Watbk.— V iscositj' at 20* C. 


Sp. gr. at 

1 o 20 

1-1007 

1-1848 

j” 

1-2057 I 1-2155 1-2240 

1-2463 

1-2568 

20” 

1-098B 

1-1 828 

1-2037 ; 1-2134 1-2218 

1-2441 

1-2546 

Glycerol % 

40-0 

71-04 

78-78 82-41 1 85-55 

93-90 

98-0 

(Gerlach) 

0-0379 

0-2364 

! i 

1 

0-5029 '0-7486 MMi 

4 OtSGl 

8-6884 


10-0381 

0-2351 

0-4972 0-7620 , 1-1024 

4-0687 ! 

8-6337 

V 

0-0377 

0-2365 

0-4875 0-7486 1-1144 

14-0779 

8-7366 


i 0-0378 


0-4902 ... 1-1089 






0-4982 ... 1-I1G() 

j 4-0 J32 





10-5062 , ... 




0-0379 ! 


i ' ' 

— . 

- — 

Mean values 


0-2360 

0-4980 1 0-7497 | 1-1113 

4-0790 

8-6862 

of V 


.J 

i__ ; 




The logarithms of the mean values of -q in tlic above tabic of 
collected results were plotted upon a diagram as ordinates, and the 

specific gravities fi:t 7.?-^ jis abscissae. It was found that a very 


regular curve could be drawn through the seven points, confirming 
the general accuracy of the res.^ilts. By means of this curve the 
iengths of the ordinates corresponding to specific gravities ranging 
from 1*00 to T262 were carefully measured^ jMid gave the values of 
the corresponding logs, of q to three decimal places. On tabulating 
these logs, it was found that the increment was not ^uite regular, 
owing to the unavoidable irregularity o»^ the curve as drawn. A 
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systematic correction was, therefore, made which, while not altering 
the values of tfie logs, ocyond the possible errors of experiment, made 
the increment a regular one. The corrected logs, thus obtained arc 
given in Table XXX., with the corresponding viscosities to four 
figures. 1 

Table XXX. -Viscosities, in Dynes per sq. cm., of Mixtures 
OF Glyceroi. and Water. 


Si>. Ur. 
at^^‘“c. 

Viscobity 
at2(r (’. 
iv)- 

Loy. of 
Viscosity. 

Differ- 

eiii'ca. 

Sp. Ur, 

20" 

Viscosity 
at 20* C. 
(>?). 

1-000 

•01028 

2-01183 

520 

520 

521 
521 
521 

521 

522 

fi’-yo 

1-032 

•01513 

1*001 

•01040 

2-01703 

1-033 

-01532 

1-002 

•01053 

2-02223 

1-034 

•01551 

1-003 

•01005 

2-02744 

1-035 

'01570 

1-004 

*01078 

2*03205 

T030 

•01590 

1-005 

•01091 

2-03780 

1-037 

*01 009 

l-OOfi 

-01104 

2-04307 

1 -038 

•01029 

1-007 

•01118 

2-04829 

' J-039 

•01050 

1-008 

•01131 

2-05351 


1*040 

•01070 

1*009 

•01145 

2-05873 

tiZJi 

1-^1 

•01091 

1-010 

•01159 

2-06395 


1*042 

-01712 

1-011 

•01 173 

2-00918 

• )J,o 

1-043 

•01734 

1-012 

•01187 

2-07141 


1*044 

•01750 

1-013 
1-01 1 

•01201 
! -01210 

2-07964 

2-08488 

t).iO 

524 

524 

524 

525 

525 
520 

526 

527 

527 

528 

528 

529 

529 

530 

530 

531 
53J 

532 

, 1*045 

i 1010 

•01778 
: -01800 

1-015 

; -01231 

2-09012 

; 1-047 

•01823 

1*010 

[ -01240 

2-09536 

1 1-048 

1 -01846 

1-017 

•01201 

2-10001 

! 1-049 

1 -01870 1 

1-018 

1 01270 

2-10586 

! 1050 

; -01893 

1-019 

1 01292 

2-11112 

1-051 

; -01917 

1-020 

•01307 

2-11038 

1-052 

•01942 

1-021 

•01323 

2-12165 

; 1-053 

•019G7 

1-022 

-01339 

2-12092 

i 1-054 

•01992 

1-023 

■01350 

2-13220 

1-055 

■02018 i 

1-024 i 

•01372 

2-13748 

1 1-050 

1 -02041 ! 

1*025 1 

1-020 1 

•01389 

•01400 

2-14277 1 
2-14806 

1 1 •(»57 
: 1 *058 i 

•02070 

•02097 

1-027 ! 
1-028 1 

•0142-1 

•01441 

2-15330 ! 
2-15800 

1-059 

: 1-060 ; 

•02124 

•02151 

1-029 

1 -01459 

j 2*10397 

1 1-001 

•02179 

1-030 1 

1-031 ! 

■01477 
' *01495 

I 2-16928 
i 2-17400 

' 1-002 
1-003 

02207 

•02230 


Loj?. of 
\'iscosit,\. 


^iT7992 
2-18525 
2*19058 
2* 19592 
2 20127 
2*2C)6«;i 
2-21200 
2*21 7118 
2*22277 
2*22817 
2*23358 
2*23900 
2-24443 
"2 2 1987 
2-25532 
2*20078 
2-20025 
2*27173 
2*27722 
2 28272 
2 28823 
2 29375 
2*29928 
2-30482 
2-3J037 
2-31593 
2-32150 
2-32708 
2-33207 
2 33827 
2 3 1389 
2*3 lo53 


Uiller- 

ences. 


532 

533 

533 

534 

535 
530 

537 

538 

539 

540 
511 

542 

543 

544 

545 
540 

547 

548 

549 

550 

551 

552 

553 
5.54 
.555 
550 

557 

558 

559 
500 
502 
504 


’ Scliuilitcr (Stizfitiffshrrickic tin- Kaimrlirhan Akudv.nne (hr il'inxcusckaften 
IVh/t, yol. Ixwii. (1S781 }> 68*2, and vAl. Ixxix. (187'0> Ibiind the viscosity of 
pure glycerol at. 20° C. = ^*304, hut us he states the specific giuvitj’'at 20° 0. = 
i'^516 the correctness of his result is open to question. Schottner’s figures for 
dilute glycerin ,do not fall on »ny regular curve, and we have been unable to 
make any use of them, * r 
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Table XXX. — ViscofirrrEs, in Dynes per sq cm., Mixtures 
OF Glycerol and Water- coniinued . 


S]I. Or. ' 

20’ 1 

Visoosiiy 
Ht 20“ 0 

G). 

Lfiff nf 

Viwcisity. 

Differ- 

ences, 

Sp. Gr. 

20 

Visc'OBity 
at 20“ C. 
G). 

Log. of 
Y'^iscosity. 

Differ- 

ences- 

l-()64 

-02260 

2-35519 

506 

508 

570 

572 

574 

576 

578 

580 

582 

584 

580 

588 

590 
592 

591 
590 
598 
000 
002 
001 
000 
008 1 
on 1 

014 ! 
017 1 
020 1 
023 1 
020 ’ 
029 
032 
035 
038 

ou 1 

644 

6^7 1 

650 

653 

656 

659 

602 

665 J 

608 1 

672 

676 

680 

1-109 

-04302 

2-63309 

084 

088 

092 

096 

701 

700 

711 

710 

721 

720 

731 

730 

742 

748 

754 

700 

700 

772 

778 

785 

792 

799 

806 

813 

820 

828 

830 

844 

852 

860 

808 

870 

885 

894 

903 

912 

921 

930 

939 

949 

959 

969 

979 

I -ofjr) 

•02290 

2-30087 

1-110 

-04371 

2-04057 

I -OBO 

'02320 

2-30057 

1-111 

•04441 

2-04749 

LOOT ! 

-02357 

2-37229 

1-112 

•04513 

205445 

1*()()8 

-02388 

2-37803 

1-113 

•04580 

2-00140 

1-0G9 

1 -070 

-02420 

•02452 

2-38379 

2-38957 

1-114 

1-116 

'04602 

•04738 

2-0()852 

2-07503 

1-07J 

•02185 

2-39537 

1-116 

•04817 

2-08279 

l-07ii 

■02519 

2-40119 

1-117 

•04898 

2-09000 

1 -07:1 

•02553 

2-40703 

1-118 

•04980 

2-09726 

1-07 1 

•02588 

2-41289 

1-119 

•05005 

‘2-70457 

1-075 

1 -070 

1 -077 

•02023 

•02059 

•02095 

2-41877 

2-12407 

2-43059 

. 1-120 
1-121 
' 1-122 

•05152 

•05240 

-05331 

2-71193 

2-71935 

2-72083 

1-078 

•02732 

2-43053 

1-123 

•05425 

2-73437 

1-079 

•02770 

2-44249 

1-124 

•05520 

2-74197 

1 -080 

•02809 

2-44847 

1-125 

•05019 

2-74903 

1-081 

•02818 

2-454 17 

1-126 

•057i9 

2-75735 

1-082 

•02887 

2-10019 

1-127 

•05823 

2-70513 

1 -08:1 

•02928 

2-40053 

1-128 

•05929 

2-77298 

1 -084 

•02909 

2 17259 

1-129 

•00038 

2-78090 

1-085 1 

•03011 

2-47807 

1 1130 

i -00150 

2 78889 

1-080 

•03053 

2-18178 

i 1-131 

•00205 

2-79095 

1-087 i 

•03097 

2-49092 

1-132 

1 -06384 

2-80508 

1-088 

•03141 

2-19709 

1-133 

•0()500 

2-81328 

1-089 

•03180 

2-50329 

1 -1 34 

•0()031 

2-8\5G 

1-090 

•03232 

2-50952 

1-135 

•00700 

2-825)92 

1 -091 

1 092 i 

03279 

■03327 

2-51578 

2-52207 

1-130 

1 1-137 

•00892 

•07029 

2-83830 
2-8 1088 

1-099 

1 '094 i 

•03370 

•03420 

2-52839 

2-53474 

1 1-138 

1 1-139 

•071 09 
•07314 

2-85548 

2-86416 

1 095 

•03470 

2-54 1 1 2 

1-140 

-07403 1 

2-87292 

1-090 

■03528 

2-54753 

1-1 11 

•07017 

2-88177 

1-097 

•03581 

2-55397 

1-142 

•07775 

2-89071 

1-098 

•03035 

2-56044 

1-143 

•07939 

2-89974 

1-099 

•03089 

2-50094 

1-144 

•08i07 

2-90880 

1-100 

^•03745 

,2-57347 

1-145 

•08281 

2-91807 

1-101 

•03802 

2-58003 

1-146 

•08460 

2-92737 

1-102 

•03860 

. ::2-58602 

1-147 

•08045 

2 93676 

1-103 

•03920 

2-59321 

1-148 

•08830 

2-94025 

’ 1-104 
1-106 
1-106 

•03980 

•04042 

•04105 

2-59989 

2-00057 

2-61329 

1-149 

1-150 

1-151 

•09033 
■09237 
- -^9448 

2-95584 

2-96553 

2-97532 

1-107 

■04169 

2-02005 

1-152 

•09005 

2-98521 

j 989 

1-108 

•04235 

2-62686 

1-153 

•09890 

2-99520 

999 
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Tablk XXX.— ViBC9KrnKs, in Dynes i*kk sq. cm., of Mixtures 
OF (iLYCEitoL AND Watbr — Continued. 


Sj>. Or. 

at C. 

Viscosity 
at 'Hy C. 
(vl 

Los. 

Viscosity. 

Differ- 

ences. 

Sp. (Jr. 

‘iO” 

Viscosity 

at20*C 

(’?)• 

Log. of 
Viscosity. 

Differ- 

ences. 

1-154 

-1012 

1-00529 

1009 
1019 
1030 
1041 
1052 
1003 
1071 
1085 
1090 
1107 
1119 
1131 
1143 
1155 
1167 
1179 
1191 
1203 
1216 
1229 
1242 
1255 
1208 
i 1281 

1294 

1 1307 

1 1320 
1334 
1318 
1362 
1376 
1390 
1104 
1418 
1432 
1447 
1462 
1477 
1492 
1507 
1522 
1537 
1552 
1568 
1584 

jL„_ 

1-199 

•3856 

I-58G08 

1600 

1616 

1633 

1650 

1607 

1684 

1701 

1718 

1736 

1754 

1772 

1791 

1810 

1829 

1849. 

1869 

1890 

1911 

1933 

1955 

1978 

2002 

2027 

2053 

2080 

2U)8 

2137 

2167 

2198 

2230 

2263 

2297 

2332 

2368 

2405 

2443 

2482 

2522 

2563 

2605 

2648 

2692 

2735 

2777 

2818 

1-155 

-1030 

1-01548 

1-200 

•4002 

1 -00224 

1-156 

1-157 

-1001 

-1087 

1 -02578 
r-03019 

1-201 

1-202 

•4155 

•4316 

1-01857“ 

[-03507 

1-158 

-1114 

1 -04671 

1-203 

•4485 

1-05174 

1-155 

-1141 

1 -05734 

1*201 

•4002 

1-60858 

1-1()0 

-1170 

1 -00808 

1-205 

•4848 

1 -08559 

1-161 

-1199 

1 -07893 

1 206 

•5044 

1 -70277 

1-162 

1-163 

-1230 

-1262 

1-08989 
1-1 0090 

1-207 

1-208 

•5250 

•5400 

1-72013 

1 -73767 

1-164 

1-165 

•1295 

•1329 

1-11215 

1-12346 

1*209 

1-210 

•5694 

■5933 

1 -75539 

1 -77330 

1-166 

•1364 

1-13489 

1*211 

-0180 

1*79140 

1-167 

•1401 

1-14644 

1*212 

•0152 

1-80969 

1-108 

•1439 

1-15811 

1*213 

•0733 

1 '82818 

1-169 

•1479 

1-10990 

1-2U’ 

-7029 

1 -84087 

1-170 

•1520 

1-18181 

1-2I5 

-7341 

1 -80577 

1-171 

•1563 

1-19384 

1*216 

*7672 

1-88488 

1-172 

•i007 

1-20600 

1-217 

•8021 

1-90421 

1-173 

•1653 

1-21829 

1-218 

'8390 

1-92376 

1-174 

•1701 

1-23071 

1-219 

-8781 

1-94354 

1-175 

•1751 

1-24326 

1-220 

•9195 

1 1-96356 

1-176 

■1803 1 

1*25594 

1*221 

•9035 

1 1 -98383 I 

1177 

•1857 j 

1 -20875 

1-222 

1-010 

1 -00436 i 

1-178 

•1913 1 

1-28109 ! 

1*223 

]-06(; 

1 -02516 

1-179 

•1971 

1-29470 

1-224 

1-112 

•04624 ! 

1-180 

•2032 

1-30790 ' 

1-225 

1-168 

•00701 ! 

1-181 

•2096 

1-32130 

1-226 

1-228 

•08928 1 

1-182 

1-183 

•2102 

•2231 

1-33478 

1-34840 

1-227 
1-228 ' 

1-292 

1-360 

•11126 

■13356 

1-184 

•2302 

1-30216 

1-229 

1-433 

*15619 

1*185 

*2377 

1-37600 

1-230 

1-511 

•17916 

1-186 

•2455 

1-39010 

1-231 

1-594 

•20248 

1-187 

•2537 

1*40428 

1*232 

1-683 

•22616 

1-188 

■2622 

1-41860 

1-233 

1-779 

•25021 

1-189 

1-190 

■2711 

•2803 

1*43307 

1-44769 

1*234 

1*235 

1*882 

1-997. 

•27464 

•29^6 

1*191 

•2900 

1*40246 

1*236 

2-U2 

•32468 

1-192 

•3002 ! 

1-47738 

1-237 

2-240 

•35031 

1-193 ' 

*3108 

1-49245 

, 1-238 

2-379 

■37636 j 

1-194 

•3219 - 

1-60767 

1-239 

2*528 

•40284 

1-195 

•3336 

1*52304 

,1-240 

2-690 

•42976 

1*196 

•3456 

TH3a)6 

1*241 

2-865 

■457J1 

‘ 1*197 - 

■3583 

1*55424 

1-242 

3-064 

•48488 

1*198 

•37^J6 

. 1-52008 . 

1 

a '243 

3*259 

*51306 

1 
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TAiMiK XXX. — Viscosities, in Dynks i’er CM.,k/F Mixturks 
OF Glycerol and Water- Ay/. 


Sp. Gr.* 

2(» 

Viscosity 
at 20" C. 
irih 

Lo^. of 
Viscosity. 

Difler- 

CIICC.S. 

Sp. Gl- 
ut 22 0 . 
20’ 

Viscosity 
at 20 C 
(n). 

Log of 
Viscosity 

1-244 

3-481 

•54164 

2858 

2897 

2935 

1 -25 1 

7-043 

•84778 

1-245 

3-721 

•57061 

1-255 

7-591 

•88029 

l-24(r 

3-981 

■59996 

1 256 

8-187 

•91313 

1-247 

4-263 1 

•62969 

ZiJ i o 

I 30b) 

' 3046 
3082 
3117 
3151 
3185 

1*257 ! 

8-837 

, *94630 ! 

1-248 

4-569 , 

•65979 1 

1-258 

9-546 

•97980 ; 

1-249 ! 

4-001 

•69025 : 

J -259 

10-32 

1*01363 

J -250 ! 

5-261 1 

•72107 : 

1 260 

11-16 

1*04779 

1-251 j 

5-653 1 

•75224 : 

1-261 

12-09 

1 *08228 

1-252 1 

6-078 1 

78375 , 

1 -262 

13-10 

1-11710 

1 -253 

6-540 1 

j 

•81560 ■ 



' 1 

1 


' Diffur- 
encos. 


3:il8 

3iir)l 

3284 

3317 

3350 

3383 

3416 

3449 

3482 


I 


Commercial Viscometry. 


A very ruu*,^!! id(!R of the relative viscosity of an oil may he formed 
by shakin^^ it in a bottle and observing the rate at which air-bubbles 
rise ill the oil ; the more sluggish the movement of eijual-sizecl bubbles, 
the greater the viscosity of the oil. 

A rough quantitative UietlKMl is to fill a 10 c.c. pipette with the 
oil, fix it in a vei tical position in a clamp and coinit the number of 
seconds occupied by the oil in flowing from a mark on the ujiper 
stem to another mark on the lower ste.m. Then clean the pipette 
with ether, dry it, Jind make another similar exjierimeno with some 
standard oil, say rape. For the results to be at all comparable, the 
oils must be at th(‘ same tenqierature when the experiment is made. 
To ensure this, small beakers containing 20 to 30 c.c. of each oil 
should be allowiKl to stand on a table, side by side, for an hour before 
making the test ; the jiipette may then be filled from each beaker in 
succession. As a rough test for sorting quickly a number of samples 
of oil, this is useful, but for accurate work a properly constructed 
iriscometer must be employed. 

J. G. A. Hhodiid determines the viscosities of oils by means of a 
dmple form of absHdute viscometer, in which the formation of drops 
is the basis of obsevvation The period of time reijuired for the fall 
>f 30 drops jti noted, and the drops are carefully weighed, j From the 
weight of a single drop, the very small counter-pressure due to the 
surface tension of the drops is .calculated and allowed for. Khodin 
iinds the «^eight of the drops from a perfectly olean tube remarkabbi' 
jonstant. Thus, in two experiments 30 drops weighed, respectiveJi^rt 

^ Private comajunication. 
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1 '2220 gr.‘immes and 1*2214 grammes. The capillary tubes used have 
the following diinensionr., viz.: — 

f To — 0*83502 mm. 1 r , , ri 
'■ {l =386-9 „ = C. 

„ fr.,= 0*55322 „ n 

-101*7 „ |^orf,-100 C. 

The h(;ad is read off by moans of a cathetometei*. The following 
results show the accuracy attainable in duplicate experiments, the 
head varying in eae.h experiment : — 


- 

I)escrii)ti<iti of Oil 

American 
Mineral Oil 
(*(>166). 

“ Valvoline ” 
Oil (-876). 

Cylinder Oil. 

Cylinder Oil. 

Tcni])(‘ratnrc 

1 

1 

i 

15" C. 

100° C. 

100" C. 

VllUlu (if rj — 1 

(1) • • • ; 

2*2743 

1*836 

1 0*3406 

0*2424 

(2) . . . ; 

2-2P49 

1;804 

! 0*3403 

0*2417 

(3). . 

2*2812 


i./;- J 



Rhodin finds the method simple and accurate, and it has the 
advantage of giving nhsolute instead of arbitrary results. The 
only drawback is the somewhat lengthy calculation, but this can be 
curtailed by acl()])ting a uniform method of obsenation. 

'J’he viscomet(‘i*s mostly used for practical laboratory work have 
very short (411 ux tubes of comparatively wide bore. From tlujse 
instruments a running can be made in a short space* of time, and the 
parts an* easily cleaned and kejjt in ordej*. But tlic rate of efflux is 
far from being proportional to the viscosity of very fluid licpiids and 
water, though in the case of lubricating oils having a. viscosity at 
least as great as that of sperm oil at 00” F. (0*42), the ei*)*or docs not 
exceed about 2 [ler cent. The best known instruments of this class 
are Hed^\(X)d’s, which is the standard instrument in this country, 
Eugler’s and Kunkler’s, which are used on the Continent, and 
Saybolt’s, used in tlie United States. There are many others, but we 
do not think it necessary to describe them all. The glass viscometer 
devised by Coleman and improved by Archbutt .is one o? the most 
simple for practical purposes. Tt will be described as tii^- Coleman- 
Archbutt viscometer. T)(»oIittle's Torsion Viscometer will also be 
de!^(3ribed. ^ 

Eedwood’tf Standard YiBCometei. f h7^dri(dion. — ThU instrument, fig. 38, 
-yajiisists of a silvered -vo^jper cylinder A, about Ij im'hcs in internal 
haineter and ^ inches deep, having a thick metal botioin, slighfly concave 
-the inside, in the centre of which the agate jet, J, is fixed. In the 
-ument used by the atithp?8 the passage drilled through the jet is 12 
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millimetres in length, and very nearly 1*7 milliiretres in diameter. Slight 
unavoidable variations in the jets of difierent iu 'truiuciits, causing a few 
seconds’ difference in the rate of ffow, are orrected by slightly varying the 
height of tlie pointed stud B, which determines the initial head of the oil. 
A small brass ball-valve fixed to a wire V, when resting in the hemispherical 
cavity in the agate jet, closes the orific-e ; when raised so as to allow the oil 
to flow out, it is suspended, by a small hook, from the stud S. The cylinder 
A is fixed, by means of a screw thread and leather washer, in the centre of 



Fig. 38. 


the brazed' copper vessel C, whicih is furnished with a tap, D, and a copper 
heating tube K; })rojectiiig at an angle of 45“ from the side, close to the 
bottom. This vessel cont uns water or oil, by means of which the tempera- 
ture of the oil in A is maintained constant, and is provided with a stirring 
apparatus consisting of tour ligh.^ metal vanes, H, fixed to a thin copper tube 
which revolves smoothly rounrl the cylinder A, the tube having a broad curved 
flange at the top to prevent an/ of the liquid iu C from being splashed into 
the oiyn A. The stirrer is rotated to and fro by means of the handle K. 
and carries with it the thermometer T, which registers the temperature oi 
the fluid bath. Another thermometer, T„ held by a : 4 )ring clamp which. 

10 
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slides on the rod R, is immersed in the oil nndergoing test. The instrument 
is supported on a tripiid.-shind furnished with levelJiiig screws. 

Method of Exyeriment, — I’he i ilerior of the cylinder A and the orifice of 
the jet are first inspected. Tliey must be ^wirfectly clean, dry, and free from 
any loose particles which might obstruct the free How of the oil. In 
examining the jet, a small mirror held below is useful. After ins])ection, 
the instrument is levelled. The outer vesstd, (1, is then tilled with water or 
heavy mineral oil, according the tcmj)erature at which the viwtosity is to 
be determined, water being used for all teni])eratures uj) to about 200" Fahr. 
The height of the liquid in 0 should be slightly ab(»ve that of the oil in A. 
The tem})eratiire of the water-bath, having been adjusted, is maintained 
constant duritig the test by c.outinual stirring, the thermometer being 
closely watched, and any tendency of the mercury to rise or fall correcte>l 
by additions of colder or warmer water, the excess of water being drawn off 
through the tap J). Temperatures much above the normal are maintained 
by heating the tube E, l>y means of a gas or spirit ilame. The oil to be 
tested, if (ju lie clear and 1)1 ight, is next poured into A unlil the point of 
the stud B is just covered, tlie jet being first closed by the valve ; if the oil 
be not clear, or if it be a dark-coloured oil, it must first of all be strained 
through fine wire gauze or muslin. Thick oils may be warmed before 
straining, but they must not be heated more than a few degrees above 
the temperature at which the test is to be made. The oil should be 
brought to nearly the re(p,.ired teiupepature before being ] toured into the 
viscometer, because the adjustment afterwards takes place slowly. The 
thermometer T^ is immersed in the oil to such a deitth that the bulb does 
not become unc-overed during the test, and#l is not afterwards moved. A 
narrow-necked flask, holding 50 c.c. to a mark on the nech, is jjlaced below 
the jot to ref'eive the oil. If the te.st is to be made at a temperature more 
than a few degrees above or below that of the air of the room, the flask 
must be immersed in a bath of Inpiid heated to the testing temperature, or 
the body of the flask may be surrounded by a thick layer of cotton-wool 
contained in a beaker, the neck and graduation-mark being left exposed to 
view.. As there is generally a slight leakage from the vmve, V, the flask 
should not be placed in position until the last moment. 

When both thermometers register the desired temperature, the height of 
the oil in A is finally adjusted so that the point of the stud B lies exactly 
in the surface, and the measuring flask is placed under the jet. The valve V 
is then raised, a stoji-watch being started at the same moment, and the 
number of seconds occupied in filling the flask up to the 50 c.c. mark is 
ascertained. Tliis completes the test. In important cases, and always if 
the operator be inexperienced, the oil should be poured back into A, a little 
more being added to liring it up to the mark, and the test repeated, the 
measuring flask being first rinsed out with ether and dried. Duplicate tests 
ought not to differ more than about 1 per cent. ; greater differences will 
probably l)e due to neglecting to maintain a constant temperature. 

Method of Standardizing . — This instrument is standaniized with refined 
rape oil ; but, as different .samples of genuine ra])e oil va -y in viscosity, 
Redwood has proposed the adoption of the arbitrary numhi*’- 5if5, which is 
the Average nil/ n her of seconds reipiired by 50 c.c. of rape oil to flow out of his 
viscometer at 00° F*. The relative viscosity, at k" F. of any oil, compared 
with the viscosity at 60° F. of ra})e oil of density 0’9142,^ which is taken as 
100, is then found by the following formula :»>— 

Relative vi.sco.sity (rape oil at 60° F. = 100)-= - 

^ 535x0*9142’ 

‘ =S)..gr.0-»)5at?i>. 
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where t is tlie niimher of seconds required for the »ntflow m' 50 c.c. of the 
nl at .'k'’ R, and d is the density of the oi) at tlie sani ) teinpe iture. 

It will he observed that Redwood compares oils at all temperatures with 
L’ape oil at GO" F. • some i)refer to make the comparison with bolh oils at 
the same tempo ratui'c. 

The *Coleman- Archbutt Viscometer.i—This instrument, fig. 39, is an 
improved form (^f the well-known jacketed glass viscxnneter first used by 
Ooleman aliout 1869.'-^ It consists of a glass burette contained in an outer 
jacket, with a funnel for pouring in hot or <iold waku’, a tube for running 
jlf water, and a sl,irrer for thoroughly mixing the water in the jacket. 
Being made of glass it is fragile ; but, with reasonable rare an instrument 
may last for many years. It may be standardized with glycerin (see p. 156) 
M) as to give results in absolute measure, ami it has the advantage of being 
very convenient to work with. Thus, the temiierature of the oil can be 
readily adjusted in the elHux-tube itself, by stirring with a thermometer and 
raising or lowering the tenqierature of the water in the outer jacket ; there 
is no need for a separate measuring vessel, the volume of oil which Mows out 
being measured by marks on the efllux-tulie ; a test can be made with as 
little as 25 c.c. of oil ; and after the test has been made the tube is eanpty 
and ready for the iu‘xt test. Oils can be tested in this apparatus at the 
temperature of boiling water, whirdi is high enough for most purposes. 

(Jondrnctiun . — The efiliix-tube A is about 15 inches in hmglh. d’be upjier 
12 inches is made of thin-walled glass tubing, about 1 inch m internal 
difimeter ; it then narrows to a diameter of about y"*, inch for 2 inches, and 
terminates in a thick-walled jet, about 1 inch long and of such internal 
(.liameter (about 1‘9 mm.) that 100 v,x. of relined rape oil at 60" F. take 
about leu minutes to run out. If the oil runs too qinckly, the orifice of the 
jet may be slightly closed by fusing the edges in the llame ; if too slowly, 
the jet may be shortened a little. Four circumferential marks arii etched 
upon the tube. The lowest or zero mark is rather above the middle of the 
narrow portion ; the other three marks arc on the wide portion, and divide 
the tube above tlie zero mark into capacities of 25 c.c., 5 ) c.c. and 100 c.c. 
The volume of oil used for a test may, therefore, be varied, acc.ording to the 
viscosity and the (piantity of oil available. Of fairly fluid oils, ejj.y rape or 
machinery oils at 60" F., and all oils at 212" F., 100 c.c. are ir *d , of more 
viscous oils, cjj. cylinder oils at 60" V. and loO" F’., 25 c.c. is a suitable 
quantity. 'PIk*. tulie must be se])arately standardized from each mark, as 
the times of efflux of the difl'erent volumes liear no simple relation to each 
other. 

The outer jacket, J, is about 3J. iricfies in external diameter, and has a 
short narrow neck at the bottom and another at the side. The tube, A, is 
fixed in the jacket by moans of a thick indiarubber bung at the top and a 
thin disc of rubbt;r, ncit more than inch thick, at the bottom, through 
which the jet projects not more than inch. Thus, the oil in the tube is 
surreunded by the water in the jacki*t until it has reached nearly to the end 
of the jet,und the temjierature is maintained constant until the oil has passed 
out of the tube. The jet is protected from change of temperature, as well 
as from fracture, by being contained entirely within the neck 5f the jacket. 
The large bung at the top is perforated by four small holes. One, whicl^ 
is lined^with a short piece of gmss tube, is for ttie biass stirring-wire S ; 
another is for the glass funnel F, which fits mther loosely, and is replaced 
by a tube L, conveying steam from the boiler B,"* for determinations at 

’ Made by Me-ssi-s. Biuid & Talleck. % 

'•'f Jour. Soc. Olicm. Iial., v. (1886), ]>. 359. ^ 

^ 111 Uie figure this tube is shown in dotted lines. 
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212'' F. ; a third hole ia for the bent tube C, for ^ho escane .f steam, and the 
fourth ia for the thermometer T. 

In putting t}H‘ apparatus together, the tube A is first wetted and passed 
through tlie cMuit-ral hole of the bung, far enough for the jet to reach nearly 
to the ( 4 nd of the lower neck when the bung is tixed in the jacket ; tlie.braas 
stirriiig-wire, S, which terminates in a brazed ring at the lower end, is then 
jiassed through its hole and bent over at the top to form the handle ; 
tlu^ bung is then carefully inserted into the jacket, and the jet is pushed 
through the disc of rubber at the lower end. Finally, the tube C is inserted 
in thOf* bung. 

Method of Exfvnmenl. — The tube A and jet are first carefully cleaned and 
dried ; the jet is then closed by means of a small peg of soft wood. Water 
at the proper temjKuature i.s next 2 >oured into the jacket, and the oil, 
previously strained, if necessary, and brought to the simie temperature, is 
poured into the efflux-tube up to about half an inch above the mark it is 
intended to run it from. The oil is stirred with tin*. thcrmonieUir, avoiding 
the formation of air-bubbles, until the temperature is exactly correct, the 
final adjustment being easily made by slightly raising or lowering the 
tennieralmre f)f tlic water-batlu Tlic thermom(‘te’' is then taken out of the 
oil, wliicli is allowed to rest until iierfectly quiescent. The wood peg is then 
withdrawn, and the time taken by the oil to flow down lo the zero mark is 
measiu'ed by a stop-watch, u hich is started as the surface of the oil passes 
the upper mark. During the ex])erimcnt, the t-einperatiire is maintained 
constant by pouring hot or cold water into the jacket, lliroiigb the funnel, and 
ninning off the excess tlirongb the side tube as often as required, using the 
stirrer frcipieiitly. Tlie temiierature <»f the water iu the emter jacket is 
indicated by the tliermoiiicter, T, wliiidi is not remo\ed. The ojien end of 
the elfliix-tube is covered by tlic inverted beaker, K, to jireveiitiwater from 
being sidasbed in by tlie stirrer. 

In making an experiment at 212“ F., the cold water in the jacket is first 
raised gradually b; about 180“ F., by pouring in hot water, and then the 
funnel is reiilacod by the steam tube, L, and steam is down in from the 
boiler. When the water boils, the level is lowered sufficiently to prevent 
.splashing, and a brisk ebullition is kept nj> tbroiigbout the test The oil 
previously heated to 212“ F., should he poured in just befoie the water 
begins to boil, and the tube A covered by its caj). 

Method of Standard king. —\i the relative viscosity of an oil be required, 
compared with, say, refined rape oil as the standard, the number of seconds 
occupied by the oil in fio^ving out is divided by the number of seconds 
occupied by the same volume of rape oil in flowing out at the same tem- 
perature, a correction being made for the dillerence in density of the oils. 
Thus, 

Relative vibcosity = ^ x 100, 

wheie « and are#he respective times of flow, and d, rfj are the respective 
densities of the oils referred to water at 4" C. 

For the method of standai.ii/in^ this viscometer so as to convert the times 
of efflux into absolute viscosity values, seej). 156. i 

Saybolt’B Viscometer. — (Joni>t^ittwn.-~~Thi» instrument, fig. 10, is con- 
structed entirely of metal, and in common with niany viscometers the amount 
of oil which runs out during the exiierinient is measured in a separate vessel. 
The efflux-tul)e consists of a wide cylindrical upper iwr^on, A, surrounded 
at the top by a fixed gallery, B, into Miich the superfluous ^il overflows and 
from which it is withdrawn by a pipette. The tube A terminates at th« 
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lower end in a metal jet. The jet of an instnimcnt Lindly lent to the 
authors hy Mr. Colin Strong of the Anglo- Ainerjeaii Oil Co. measured about 
17 mm, in length and about 1 ‘6 mm. in internal diameter. The temjiera- 
ture of the licjuid, usually water, in the outer l)ath, C, is raised, when 
necessary, by m<!iins (»r a ring biiiner, D. No st irrer is provided, neither is 
there any means of running olf the liquid from the bath C. The oil Howing 
from the Jet is received in a measuring tiask, F, which has a mark on the 
neck at 00 c.e. 



Fin. 40. — Saybolt’s Viscometer. (Section of Pipette.) 


MetKqd of The outer bath is filled with a suitable liquid, 

and* the temperature is adjusted by the addition of cold liquid or hy heating, 
L may be necessary. The tube K, which encloses the jet, is closed by a 
cork, ii, which is inserteiVjust far enough to be air-tight, and not nearly 
far enough to touch the jet. The oil, previously strained into a tin cup 
and heated* to about tlie reciuired temperature, is poured into tbe tube A 
until it overflows i.nd fills above the level of the upper end of A ; it is 
then stirred with a tlierrnometer until the temperature is exactly adjusted. 
The therftfuhieter is withdrawn, and the surplus oil is removed from the 
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gallery H by a pipette. The cork, L, is then withdra' and the time 
occupied m iilling the flask to the 60 c.c. mark is nn^^ed uyu ^top>watch and 
recorded as the, viscosity. 

In t])e iiistriuii^^nt lent to the authors the time req[uired for 60 c.c. of 
water lit 70“ F. to run out was 29 6 seconds ; 50 c.c. of water from lied wood’s 
instrument, at the same temperature, required 25*7 secs. 

Engler’s Standard Viscometer. — —This instrument is shown 
ill lig. 41. The inner oil vessel, A, is made of brass, gilt inside, and has a lid 
A‘, which carries the thermometer t. In the centre of the concave bottom 
is the jet a, 20 mm. long, 2*9 mm. in diameter at the up[)er end, tapering to 
2*8 mm ;• I. the lower end ; it is made of platinum for standard work, but 
for ordinary woik brass is used. The plug valve h, of hard wood, which 
closes the jet, passes through a tube 
fixed in the lid, and can be raised 
without removing the cover. Three 
pointed studs, C, fixed at e<piai dis- 
tances above the bottom of tiie vessel, 
indicate the proper height of the oil, 
and at the same time serve for levelling 
the instrument ; they mark a volume 
of 240 c.c. The outer bath, B, is filled 
with water when working at tempera- 
tures not ex (‘.ceding 50’ C. ; abovi; 
that temperature, a heavy mineral oil 
is used, which can be heated by means 
of tin; ring burner d. The oil flowing 
from the jet is received in the measur- 
ing flask, (J, which has a mark at 200 
c.c. and another at 240 c.c. 

Method of i^iandardiznhf. — VhM^ is 
(hme with water iJ, 20“ C. The vessel 
A is first thoroughly rinsed out 
successively with etlier, alcohol, and Fig. 41.— EugloFs Standard 
water, the jet being cleaned by means Viscometer, 

of a feather or a roll of pa]>er. After 

the water has drained out, llie jet is closed by tbe valve. The measuring 
flask is filled to Llie 240 c.c. mark with water at 20“ 0., which is then poured 
into the oil cu]) A, and shoidd fill it exactly to the level of the studs after 
the tla.sk lias been well drained. The outer hath .should be previously filled 
with water at 20“ (1. Having ad justed the surface level, if necessary, by 
taking out or adding a few* drops of water, the tcmjierature of the w*ater 
both inside and outside the cup is brought exactly to 20“ 0. and then, after 
allowing time for the watei- in A to become perfectly still, tbe ping valve is 
raised and tlic water allowed to flow from A into the dry measuring flask. 
The time^of efflux null he from 50 to 53 second’, if the instrument has been 
made of the standard dimensions given in the figure. The, test must be 
repeated, and the iin-in of three experiments which do not differ by more 
than 0*5 second is the efflu\ time of water at 20” G. The nearest whole 
number is taken as the unit. 

Method of Experiment. — In testing oils, the vessel A and the jet are first 
tliorougbly rinsed with alcohol, then with ether, and dried, llie oil, previously 
strained -m* filtered to remove suspended matter a»id water, is poured into 
A up to the level of the studs, and is stirred by tbe thermometer until the 
desired temperature has been reached. The liquid in B is adjusted to the 
same temperature. After allowing tl^i oil cn A to becoihe perfectly still, 
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ttie plug is raised, and the time required for tlie outflow of 2t)0 o.c. of oil is 
noted. Sup])osi.ig the efflux time of water at 20'’ has h(‘en found to he 
54 seconds, and the saini>le of oil requinnl 3G0 seconds at 50^ and 90 seconds 
at IhO", then the 

.Sj)ecilic visco.sity {ii^ufler) at hCT 

„ at 1.50‘ C.--^--r()(). 

54 

What Engler calls the ‘specific viscosity ’ is, of conr.se, a purely ai-hitrary 
number, obtainable l>y his instrument alone, and only by such of ^hese as 
arc constructed of the ])roi)er dimensions. Instruments recognized by 
Engler as reliable may be olitained from 0. l)ei?aga of Heidclhei'g, and bear 
the offlcial mark of the Karlsruhe Chemisch-Technische yer.su clrsan.stalt 
or the Chari ottenburg Technischc Anstalt. Engler’s viscometer has been 
adopted by the Committee of the German State Railways. 

Holdc’ finds that in testing thick oils time may be saved by collecting 
50 c.c. or 100 G.c. instead of 200 c.c., the results when multijdied by 5 or 
2'35, resjiectively, being concordant with those obtained in the ordinary way. 
lie also suggests that the oil-bath should be covered, and a reflux condenser 
attached .so as to conden.'-e and return the vapour; Ihpiids of fixed boiling- 
point, such as aniline (18 1" C.) and naphthalene (217° G.), might then be 
used for high tem])erature experiments.'' 

The Engler-Kunkler Viscometer. — LWintrf’ba-.— Engler’s viscometer has 
the defect of containing no stirrer, and, whtm making tests at high tempera- 
tures, it is found that the temp{wature of the oil varies sensibly during efliux. 
Engler and Kunkler have accordingly designed a modified instrument in 
which the vi.scometer and mea*>uring flask are enclosed in a double-walled 
octagonal air-bath ntade of .stout brass plate, 35 cm. high and 20 cm. wide, 
fig.s. 43 and 44. It .stands ujion four trianguhir feet, a, the outer sloping 
side.s of whi<di rest on the inside edge of the ring of a tripod-stand, so that, 
by shifting the apiiaratus about, the oil in tlie cup c.an be ea.sily levelled. 
The oven is heated by the flame of a Bunsen burner placed under the 
copper ' hottoni plate, 6, which has a deiq) c,oncavity in the centre and is 
screwed to the bottom flange with an asljestos ring between. Supported above 
this on the stand c, nnd shielded from direct radiation by the douldc asbestos 
disc/, is the measuring flask e. The vi.scometer stands upon four legs on the 
plate wdiich rests upon a projecting rim ; thi,s plate has a hole in the 
centre for the oil to j)as.s tlirough, and four oval tubes, reaching above the 
rim of the oil-vessel, tlirougb which and tlie central hole the heated air from 
below' circulates and maintains a uniform temperature. Glass windows 
It and mm in opposite sides of the casing, and another in the lid, illuminate 
the interior and enable the neces.saiy observation.s to be made. Passing 
through the centre of the cover there is a stirring apparatus, consisting of 
a tubular axis (jarrying three blades at the lower end, fUid funiishod with 
a knob at the ujiper end by wdiich it is rotated to and fro ; stops on the lid 
prevent it revolving more than one-third of a turn, and al.'^o prevent the 
blades from.coming into contact with the bulb of the thermometer a. The plug- 
vaWe., % passes through the axis of tlie stirrer, which can be lifted out of the 
oil and suspendeil by a projec-tiug stud ^before the valve ib raised. The 
stirrer is made in two parts, which can be easily sejiaraled foi^i cleaning. 
The oil is poured into the cup through the tube e, having previously been 


Jour. Sue, Cf^m. xv. (lbP6), p. 138. 



PHYSICAL PROPERTIES AND EXAMINATION OF LUBRICANTS 163 


healed to the retiuired temperature in the double* v’^alled ran, fig. 42, wliich 
is also provided with therinorneter and stirrer. 

Method of /iM;pmw6«i.~T]ie flask is first placed upon the stand c; then 
the plate g and viscometer are put in their jdaces and the cover is firmly 
fixed mi, taking care that the marks on the plate, viscomctei’, and cover are 
opposite to the mark on tlie side of the oven. I'lie outer thermometer, a, is 
placed with its bulb next to the viscometer, and tlie thermometer 8^ which 
registers the temperature of the oil, is ])ushed down until its bull) nearly 
reaches to the bottom of the cup. The tube v is inserted, the stirrer is 
lowered into the visromet,(?r, and the jet is closed by means of the valve t. 
Having levelled the apparatus by means of the plumb-line at the side, heat 



Fio. 43, Flo. 44. 


is at first appliefl strongly, until about four-fifths of the desired rise of 
temperature has taken piacc, and then the flame is gradually lowered until 
the temperature is reached and remains constant. The outer thermometer, 
It, must alone be observed at this stage, as a layer of sonu'what cooler air lies 
at the botjjpm of the oil-enp. Meanwhile, the c^iii a*, having been filled with 
oil nearly up to the iiiark, is heated to the required temperature whilst the 
stirrer is rotated in the direction of the arrow-mark on the lid, and then the 
surface of the oil is adjusted io the mark exactly. When the temperature of 
the air in the oven is constant, and that of the oil in the can is trom 0’25® 
higher, the oil is quickly poured down the tube v, the can being well 
drained, and the tube is then stoppered. Having made certain that the 
surface of Hie oil is level with all the studs on the viscometer, the stirrer is 
worked whilst the valve-rod is held firmly in position, and the temperature 
of the oil is finally adjusted. The stirrer is then lifted out of the oil and 
suspended by iU stud, the valve rod is withdrawn, the hole closed with 
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a cork, and the Ti’ini]>er of seconds required to fill the flask iij) to the 200 c.c. 
mark is exactly noted. 

Method of Hlatidardi:mi(i - instrument is sLindardized in the same 
manner as Ihe Engler viscometer. 

Doolittle’s Torsion Viscometer.^ — This in.strument, which is much used in 
American laboratories, was devised by O. S. Doolittle for use in the labora- 
tory of the Pminsylvania and Reading Railroad 
Comjiany. It has been in constant use there 
for over eleven year^, and has given very 
satisfactory re.sults. 

'J’he ajqiaratus (fig, 45) consists of a steel 
wire, suspended from a firm sujiport, and 
fastened to a stem which passes through a 
graduated horizontal disc, by means of which 
the torsion of the wire may lie measured. 
The disc is adjusted so that the index points 
to Z(‘ro when there is no torsion in the wire. 
A c,y Under, 2 inclics long by U inches in 
diameter, having a slender stem by which to 
suspend it, is then immersed in the oil to be 
tested and fastened by a tbumb-screw. I’lie 
oil is surrounded by a bath of water or iiaraftin, 
according to the temperature at which the 
experiment is to be made. The temperature 
lieing adjusted w^st the disc rests upon its 
supports, tlie >vii^ is twisted by means 
of the Iviiob at the top. The disc 1 icing 
released, the cylinder rot-ates in the oil, owing 
to the torsion of the wire. If there were no 
resistance to the m< verneiit, the momentum 
ac-quired by the cylinder and disc in revolving 
bai'.k to zero would carry them to 3G0'’ in the 
opjiosite direction ; but the resistance of the 
ml causes the revolution to hill short of 3(50'', 
and this resistance is slated to be directly 
]>roportional to the viscosity of the oil. 

The sim})lest way in which the resist- 
ance may be iuea.sured is b^- observing 
^ the number of degrees of retardation 
between the first and .second complete 
arcs traversed by the disc,. Sujiposiiig. 
for example, tliat the wire be twisten 
360"’ and the disc released. The first 
reading is taken at the end of the first swing ; say 355*6“ to tin; right. The 
disc is allowed to swing back to the left and no reading is takvn, but the 
second reading is made at the end of the iie ct swin^ to the ’ ight ; say 
338*2°, We thus have 



Fig. 45. — Doolittle’s Torsion 
Viscometer. 


Right, . 

Left, . 
Right, . 

Retardation, . 


. 355*6° 

. 338*2 ' 

. I7*4"‘- 


^ Jour, Avicr. Chem. )S)'ec*.,»xv. (1893), 173, 454; Allen, Comml. Org. Anal., 
vol. ii. partii p. 125. ‘ ‘ 
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To avoid error, two tests are made, one by rotating th^ milled bead to 
Jie left and tlie other to the right. If the instrument be in orrect adjnst- 
nent, the two results will be the same ; but if it Be .dightiy cat of adjust- 
neni, the mean of the two will be the correct rciiding. 

In (K-der to overcome the variations in different instrumentH, each is 
itaiidardized against ^iiire cane-sugar solutions, and the viscosities of oils 
Lre exiiresscil in terms of the number of grammes of pure cane sugar which, 
contained in 100 c.c. of the syrup at OO*" K., wall at 80” F. give the same 
•etardation as the oil. Headings are obtained by making a number of 
solutions containing known amounts of pure cane sugar, and determining 
he reta»‘dation of eacli. A curve is then marked out on scpiared jiaper, the 
Himljer of grammes of sugar in 100 c.c. of the different syrujis being taken 
is abscissie and the degrees of retardation as ordinates. From this curve the 
'^aliie of each degree of retardation in terms of cane sugar is interpolated, and 
he values, arranged in the form of a table, arc furnihlied with each instrument. 

Ore advanhige ol‘ the torsion viscometer is that the observations are ipiite 
ndependent of the siieclfn; gravity of the liquid. Observations at high 
em])eratures can be readily made, and a moderate amount of suspended 
natter in the oil does not affect the readings. It might be supposed that 
nertia effects would vitiate the results and become projiortionally greater 
he less viscous the oil. In regard to this, H. Job writes : ‘ “ W e have spent 

good deal of time in experimenting on the matter, and 1- ive found that 
he error due to this soure.e is hardly measurable, owing to the fad, that the 
rire is over 20 inches long and the cylinder head weighs over five pounds, 
dole the cylinder itself is only 2 inches high and 1^ inches in diameter, 
dins, we have (tomparatively slow movement wulh considerable momentum, 
:) that the reading is practic-ally nmiffected by the slight movement of tlie 
nlntion.” Job also states that after allowing the weight to remain 
Lispended for a short time, no further stretching of the wire take.s place. 

The Expression of Viscosity Values. 

Although viscosity is a definite pliysical property of liquids, which 
an be accurately ascertained exjierinientally and expressed in absolute 
leasure, it has been the cusUmi conunercially, ever since the inti’o- 
uction of mineral lubricating oils, to select either rape, olive, or some 
bher fixed oil as a standard and to compare the fluidities of mineral 
ils with it. From a jiractical point of view this method is recom- 
lended by its simplicity, and pmvided the viscosities of the oils which 
is desired to compare do not fall below a certain limit, which in the 
ise of Redwood’s vis(!ometor is about the viscosity of sperm oil at 
Q" F., the relative efflux times of the oils are very nearly projior- 
onal to J^heir relative fluidities. It has, how'over, been objected that 
wing to the iiatViVal variation in viscosity of difterent samples of the 
ime kind of oil, ev'ui when pure, and the much greater difteronces 
Inch may be caused by fbe use of an adulterated sample as a 
-andard, a fixed oil is not a suitable standard to employ. To meet 
ds objection, Redwood has designed his standard viscometer, the 
rincipaljjimonsions of whicli are fixed, and cact'oinstrument adjusted 
> as to deliver average rape oil at the same velocity. Kngler’s 
.scOmeter, used in Oermany, is also of fixed dimensions, and there 
^ Private comAunicadoii. 
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water is the rtandard of comparison ; but the so-called ‘ specific 
viscosities/ obtained l)y dividing the times of efflux of oils with that 
of water, are piircl,y arbitrary nimibci*s, and the same is true of 
Kunklcr’s vis(;osity-nuiiibers, which arc referred to a standard mixture 
of glycerol and water of low viscosity, and of Doolittle’s viscosity 
values, which are referred to canc sugar solutions of known strength. 
Such arbitrary numbers may, nevertheless, be sufficient for specifica- 
tion purposes, provided the means of measuring them accurately, and 
with the certainty of common agreement, exists. 

Notwithstanding the efibrts which have been made to bring about 
uniformity in the measurement and expression of viscosity values, 
much difference of practice still prevails. Numbers of viscometers 
are in use differing from each other in pattern and dimensions, and 
yielding results which have no meaning to anyone except the possessor 
of the particular instrument. Uesults arc freijuently expressed in 
seconds, without any information as to the exact significance of the 
numbers. Thus, although a knowledge of the viscosity of a lubricat- 
ing oil is one of the most important factors in judging of its suitability 
for a particular purpose, no generally intelligible method hitherto 
proposed of expressing the viscosity has luet with more tlian a limited 
acceptance. The universal adoption of any particular standard 
instrument giving arbitrary numbers is prqjlkbly too much to expect. 
What is wanted is a system of standardizing, which will enable the 
viscosity of an oil in absolute measure to be deduced from the time of 
efflux measured in the ordinary way in any w'ell-iiesigned commercial 
viscometer. Such a system of standardizing v»e proceed to explain. 

The Standardizing of Commercial EflBux Viscometers. 

Mixtures of glyr;erol and water are prepared ranging in viscosity 
from about 0‘05 to about 5*0, a suitable series for the Redwood 
viscometer being the following : — 

Tauok XXXT. 


Mixture N»i. 

Olycerol 1 

per cent. | 

1 SpecilU- Gravity 

1 «t“"c 

1 20" 1 

1 Apjiroximato 

1 Viscosity at 

[ 20"(’. 

1 

44-4 

1 1129 

0-046 

2 1 


M4C9 

0-086 

B ! 

fKJ-O 

11712 

O-i.57 

4 1 

70-6 

1183G 

'^•228 

’’ ! 

7ir3 

1-1963 . 

O-350 


80-4 

1-2161 

0 596 

7 1 

00-8 

! 1-2381 

2-39 

8 \ ! 

i 94-8 

' 1 -248,5 

4-73 


M-ixtures approximating as nearly as possible to these are prepared 
by weighing and mixing together the required proportions of the 
purest cojj^p^rcial glycerin and ^A^ater. The specific gravity of each 
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fluid at , C. is then carefully determined as dirccuci on p. 174, 

and each fluid is run from the idscometcr in succession at 20® C.,^ 
the exjjehments lacing made in duplicate and the mean time taken. 
Care must be takt'ii to prevent the absorption of water >)y the stronger 
glycerins. P'iTially, pure water is run from the viscometci' at 20® C. 
Of each fluid we now know — 

1 . The vinroiiity (77), in dynes per sq. cm. at 20*" C., which is ascer- 

tained from the table on pp. 140-1 13. 

2. The fiiiie (/), in seconds, required for the outflow of the standard 

volume (50 c.c. in the case of Redwood’s viscometer) at 20“ C. 

3. The dmdty (f/), which is cjilculatcd by multiplying the sp. gr. 

at C. by 0*998259, the density of water at 20“ C. 

If the vis(!ometer were perfect, the corrected time (id) would be 
proportional to the viscosity ; /.c., 

letd — 7^, 

k being a constant the value of which could be ascertauiod by running 
a single fluid of known deijsity and viscosity frojn the viscometer. 
But it will be found that the value of k deduced from each of the 


diflerent fliiids (including water) varies, greatly in the case of the 
thinner fluids, but only slightly with fluids above a certain viscosity, 
and by plotting the results a curve can bo drawn from which the 
value of k for a fluid of any viscosit}" can be ascertained. Having 
constructed such a diagram for any viscometer, a multiplier is 
obtained by which the ‘ td ' of any oil, i,e, the time of efflux x the 
density at the temjieniture of efflux, may be converted P’to the viscosity 
of the oils in dynes per sq. cm. at the temperature of experiment. 


Taijle XXXIb— The Repwood Viscometer. 




1 Viscosity 1 
1 at 20° j 

Time of 

PeiKsity 


1 

^ Viiriation 

Number and | 

Efflux at 




Pespription 

V 

2{i° 0. 

i»f Fluid at 
20* C. 
d. 


ofk 


of Fluid. 

(dynes per ) 

t 


“ fc. 

per cent. 



sij. cm.). 1 

(seconds). 

tit. j 



1. 

Water, . 

1 

0*01028 

1 

20*0 

0*99820 

25*95 

0*00040 

- 83*3 

2.' 


00377 

' 33*4 

1*0989 

30*7 

0*00103 

- 56*9 

3. 

• 1 

0*23(10 

‘ 87*2 

1*1828 

103*1 

0*00229 

- 4*2 

4 

5. 

Glycerol ; 

U\ ! 

w’ater, 

0*4984 

0*750^ 

174*7 

2r)f)-.''. 

1*2030 

1 1*2134 

210*3 

314*9 

0*002:i7 

1 0*00238 

- 0*8 
- 0*4 

fl. 1 

' 1*1123 ' 

383* . 

1 1*2218 

468*8 

1 0*00237 < 

- 0*8 

7 

2*2074 , 

772*< 

! 3**23r)l 

954*4 

j 0*00238 

- 0*4 

8. 


4*0300 

1343*0 

i 1*2440 

1070*7 

! 0*00242 

+ 1*3 

9j 

^ j 

8*8370 

2900-0 

! ‘ 1*2548 

3G38*9o 

0-C0243 

+ 1*7 


^ The standardizing 7nw.s/ be done at exactly 20“ C., because that is the only 
temperature at which the values in the tabfc of glycerin viscosities ^e correct. 
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We give the* results obtained by standardizing in this manner two 
commercial viscometers (really four; since 

viscometer may be reKanlod as three instruments of diflorcntcapc^^^ 
having a common jet). See Tables XXXII. (p. 157) and XXMII. 


Tablk XXXI it.— The Coleman- Arch butt Viscometer. 


Nuiiilier and 
l>escrii>tion 
of Fluid. 








Viscosity 
at 20' C. 

(dynes l)<*r 
sq. cm.). 

'I'ime of 
Efflux 
at 20- C. 
t 

(seconds). 

Oensity of 
Fluid at 

i 20" C. 1 

i : 

fd. 

i 

■ k. 

Variation 
of fc 

,nei- cent. 


100 c.c. 


1. 

Water. 

2.") 


3. 

4. 

( Jlyccrol 

5. 

and 

C). 

water. 

7. 

8. > 



3 . 

4. 


f). 


8 .. 


01) cerol 
and 
water. 


0-01028 

28-10 

0-098259 

28-05 

()-0377 

36-25 

1-0080 

39-8 

0-2338 

104-6 

1*1825 

123-7 

0-4984 

205 9 

1-2036 

247-8 

0-7501 

: 303-1 

1-2134 

367-8 

1-1123 

i 440 - : 

11-2218 

545 2 

2-2074 

1 013-8 

11*2351 

1128*6 

4*0356 

1604-5 

! 1-2440 ' 

lOOfyO 

# - 


50 c.c. 


00377 

22-05 

0-2338 

67-65 

0-4084 

135-15 

0-7504 

107-7 

1-1123 

292-85 

2-2674 

601-2 

4-0356 

1056-5 


1 '0989 24-2 

]- 182r ) 80*0 

1-2036 162-7 

1-2134 ; 239 9 

1-2218 I 357*8 
1-2351 1 742-5 

1-2440 1314-3 


-00037 

- 81-7 

-00095 : 

- 53-0 

-00180 i 

- 6-4 

-00201 

- 0-5 

-00201 ' 

+ 1-0 

00204 

+ 1-0 

•00201 

- 0-5 

•00202 . 

i 0-0 

•00156 

- 40-4 

•00202 

5-2 

•00306 

-- 0-6 

•00313 

1-6 

•00311 

+ ro 

•00305 

1-0 

•00307 j 

- 0-3 


25 C.C. 



0-0377 

12-7 

l - 0 i )89 

14-0 , 

• 0020 !) t 

- 46-6 


0-2338 

41-45 

1-1825 

49-0 ' 

•00477 : 

- 5-4 


0-4984 

82-95 

l - 203 (; 

99 -8 . 

•00409 1 

- 1-0 

Glycerol 

0-7504 

120-4 

1-2134 

146-1 1 

•00514 ' 

+ 2-0 

and 

1-1123 

178-4 

1-2218 

218-0 1 

•00510 

-f 1-2 

water. 

2-2674 

360-1 

1-2351 

455-0 

•00497 

„ 1-4 


4-0356 

648-5 

1-2440 

806-7 ; 

• 00605 ) 

- 0-8 


8-8370 

1396-0 

1-2548 

1751-7 

• 00504 * 

J- 0-0 


From the results in these tables it appears that the me.an values of 
k deduced from the efflux velocities of the fluids of 0*4984 viscosity 
and upwards hiight lie used to calculate the viscosity in absolute 
measure of c^lFoils ev seeding in valnfe 0*49, or we inight say of all oils 
>of not less' viscosity than sperm oil at 60“ F. (7^ = 0-4^), with a 
• maximum error, in the caafe of hither instrument, of ±2-0 per cent. 
To enable tiff viscometers to used. for fluids of lower viscosity, 



Fig. 46. — Correction Curve for the Coleman -Archbutt and Redwood Viscometers. 
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such, e.^., as rape oil at 150* F. (i; = 0*18) or cjlinde’* dls at 212" F. 
(r/ 016 to 0-36), the results have ))een plotted on dia^^rui .'S. P^ig. 46 

gives the complete curves for all liquids. P"ig. 47 gives, on an enlarged 
scale, the first pari of each curve for thin Ihjuids.^ 



The success of this method of standardizing depends upon the flow 
of liquid through the jet of the viscometer being free from eddying 
motion, and provided the length" of the jet doer not exceed twenty 
times its (Eameter steady motion may be relied upon in the case of 

^ Those diagrams are, of course, applicable only to the particular instruments 
for which they wore constructed. 


Value of td (thick liquids). 
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viscosity. That is to say, the comparatively heavy glycerol solutions 
used for standardizing will be more likely to set up (‘ ‘.d'es than the 
lighter oils, find consequently the latter may flow more rapidly than 
glycerol solutions of equal viscosity. With both the viscometers 
tested by us this has been found to be the case, and the value of k 
corresponding to the td of thin oils is too small to give the true 
viscosity. If, however, the value of k corresponding to 1| td be 
takeTi, practically correct results are obtained, even with oils as thin 
as water. We, therefore, apply this correction to all thin oils. The 
following rules contain a summary of the method. 


RULES FOR DETERMINING BY MEANS OF A STANDARDIZED 
VISCOMETER TJIE VISCOSITY OF A LUBRICATING OIL IN 
ABSOLUTE MEASURE AT ANY DESIRED TEMPERATURE. 

A. For Oils of Viscosity 0-4 and upwards. 

1st. Dctpriniiie ike time of efflux (/) of tie dandard volume in 
t^eeonds. 

2nd. IM ermine the density {d) of the oil at the same temperature. 

Zrd. Find the value of k correspondmg to td. 

Mh. Multiply id by k ; the product is the absolute viscosity. 


B. For Oils of Lower Viscosity than ^-4. 

a7id 2nd. As above. 

ltd 

^rd. Find the 7jalue of k correspo7iding to ~ . 

o 

Wi. Multiply td by k ; the product is the absolute viscoHty. 


The following results show the accuracy of which the method is 
capable. Oils of low viscosity were selected for experiment, as with 
these the error is likely to be greatest. 




Absolute Viscosity at 20° C., 

DeHcriptiuii of Oil. 

DoijBity at 

ao" c. 

determined by means of the 


Absolute 

Viscometer. 

Redwood 

Vi.scometer. 

Coleman 

Vlsconjeter. 

Mixture of shale oil and I 
petrolei^ni, . . . / 

0-8266 

0-040 

0-040 

0-042 

i Shale oil, .... 

0-8653 

0-124 

0-123 

0-122 

I Sperm oil, . . o . 

0-8783 

0-377 

0-377 j 

0-378 


'rabies XXXIV. and XXXV. contain the complete results obtained 
by testing in this manner a number of lubricating oils, JTable XXXVI. 
is a sumulffry. The curves in figs. 48, 49, 50, ST sEow the relation 
between absolute viscosity and temperatVire in the case of mineral 
lubricating oils, as compared with typical 8y:iimal and vegetable oils, 

•11 
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'Table XXXIV.~\^iscositibs op Oils in Dynes per sq. om. deter- 
mined By THE Golem AN- Archbutt Viscometer. 





60" ¥. 



DeBcriptioii of Oil. 

Efflux i 

Velocity ! Density 
(seconds) d. 

i. 1 

1 

td. 

k. 

Viscosity 

V 

=ktd. 

Animal and Ver/rtahlc Oih. 

Sperm oil, 

100 c.c. 
240-4 

-8783 

211-1 

•00199 

0-420 

Olive oil, 

639-2 

•9169 

493-9 

•00204 

1-008 

Rape oil, 

598-6 

•9151 

547 8 

•00204 

1*118 

Tallow, 






( 'aator oil, ..... 






Neutral wool fat, .... 

... 




... 

Scotch Mineral Oils. 

‘865,’ 

90-7 

•8683 

78-8 

•00185 

0-146 

‘890,’ 

284-4 

•8905 

253*3 

•00201 

0-509 

Oalician Mineral Oils. 

Light (pale) macliiuery oil, 

j 

215-0 i -gTSO 

191-0 

•00203 

0-388 : 

Heavy (pale) mafhiiiery oil, . 

695-0 

•8961 

622-8 

•00203 

1-264 1 

Russian Mineral Oils. 

Light machinery and spindle oil, . 

631*3 

•8978 

566-8 

•00204 

i 

T156 , 

Medium (pale) machinery oil, 

1955 0 

•9096 

1 1778*3 

•00202 

3-592 

Heavy(pale) engine and machiner}'oil, 

60 c.c. 
1838-0 

•9085 

1669-8 

*00310 

1 

5-176 

Heavy (<luik) axle oil, 

2152-0 

*9093 

1956-8 

•00310 

6-066 

I Extra heavy (pale) engine and 
machinery oil, . 

2186-0 

•9085 

1986-0 

•00310 

6-167 

’ American Mineral Oils. 

Spindle oil (‘Pale 886'), . 

100 c.c. 
256-2 

*8844 

' 226-6 

•00200 

0-463 

„ „ (‘Pale 860/70’), . 

Light machinery oil (‘ 900/7 ’) 

‘ Solar red ’ engine oil, 

410-5 

•8677 

356-2 

•00204 

0-727 

619-5 

•9008 

558-1 

•00204 

1-138 

1040-0 

•9162 

952-8 

-00201 

1-916 

i ‘ Bayonne’ engine oil, 

1185-6 

*9113 

1080-6 

•00201 

2-172 

‘Special red ’ engine oil, 

50 c.c. 
1048-0 

•9357 

980-6 

•003k)6 

3-001 

Medium (dark) machinery oil, 

1130-0 

•8839 

9'y8-8 

•0030'. 

3-046 

‘ Galena’ axle oil, 

1555*0 

•9086 

1412*9 

•00409 

4-366 

Heavy (pale) maciiinery oil, . 

2363*0 

•9018 

-2131-0 

•00310 

6-606 

Filtered Adinder oil Valvoline ’), 






♦ M „ M (‘F.F.F.’), 

Dark cylinder oil (‘ A ’), . . i 











M )l \ /I • • 

,, ,, (‘Locomotive’), . 

, Dark filtered'cylindet oil ( ‘ N ’), 






... 






If 



PHYSICAL PROPERTIES AND *EXAMINi.nON OF LUBRICANTS 163 


Table XXXIV. — continued. 





100“ F. 



Description of Oil. 

Efllux 

Velocity 

(seconds) 

t. 

Density 

d. 

td. 

k. 

Viscosity 

n 

^kld 

Animal and Vegciahle Oih. 

Sperm oil, 

Olive oil, . . . . 

Rape oil, 

Tallow 

Castoi oil, . . . . 

Neutral wool lat, .... 

100 c.c. 
111-7 
208-2 
235*6 

1433-0 

•8637 

-9011 

•9005 

-9473 

96-5 

187-6 

212-2 

13'57-5 

•00192 
•0020 1 
•001 99 

•00201 

0-185 

0-377 

0-422 

2'729 

Scotch Mineral Oils. 

‘865,’ 

52-0 

•8533 

44-4 

•00148 

0-066 

! ‘890,’ 

108-9 

•8761 

95*4 

•00192 

0-183 

Galician Mineral Oils. 

Lif^lit (pale) macliincry oil, 

97*0 

•8741 

84 -S 

•00167 

0*142 

Heavy (pale) machinery oil, , 

205-0 

•8822 

180-9 

00189 

0-342 

liussian Mineral Oils. 

Light machinery and spindle oil. 
Medium (pale) machinery oil. 

174-9 

•8837 

154-6 

•00199 

0-307 

417*0 

i -8957 

373-5 

•00204 

0-762 

Heavy (pale) engine and machinery oil. 

579 0 

•8949 

518-1 

•00203 

1*052 

Heavy (dark) axle oil, 

673-0 

•8955 

602-7 

•00203 

1 -223 

Extra heavy (pale) engine and 
machinery oil, .... 

670-0 

•8946 

599-4 

•0020-^ 

1-217 

American Mineral Oils. 

Spindle oil (‘Pale 885’), . 

„ » (‘Pale 860/70’), , 

Light machinery oil (‘ 900/7 ’), 

‘ Solar red ’ engine oil, . 

100 c.c. 
99-2 

8700 

86-3 

•00188 

1 

0-162 

141-0 

: -8535 

120-3 

•00196 

0-236 

193-0 

•8867 

171-1 

•00‘200 

0-342 

273-4 

. -9020 

246-6 

•00201 

0-496 

‘ Bayonne ' engine oil, . 

‘ Special red ’ engine oil, 

315-4 

•8973 

283-0 

-00202 

0-572 

324-0 

•9217 

299-0 

00197 

0-589 

Medium (dark) machinery oil, 

397-6 

•8695 

345-7 

•00204 

0-705 

‘ Galen i ' altle oil, . , . . . I 

498*0 

•8940 

445-5 

•00204 

0-909 

Heavy (pale) machinery oil, . . j 

711-0 

•8878 ! 

630-8 

•00203 

1-274 

Filtered cylinder oil (‘Valvolmc , . 

50 c.c. 
901-0 

; -8757 

788-9 

•0030i> 

2-406 

Fltered cylinder oil (‘ F.F.F,’), 

'25 c.c. 
964-0 

•8757 

844-2 

•00500 

4*221 

Dark cylinder oil (‘ A ’), 

955-0 

•8846 

844-8, 

•00600 

4*224 

» » (‘N»), . . 

1438-0 : 

1 -8849 


•00503 

6*401 

,, ,, (‘Locomotive’), . 

Dark filtered cylinder oil (‘ N ’) 

' t 

1645-0 

•8884 

14,53-2- 

•00604 

7-324 

2219-0 

•8950 

1986*0 

•00505 

10*029 

% 

a 
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T ABTii: X X XIV. — continued. 





150" ¥. 



Description of Oil. 

Efflux 

Velocity 

Oensity 


it. 

Viscosity 


(seconds 

t. 

d 


V 

-ktd. 

Animal and VeffHahJr Oils. 

I 

ilOO c c. 





1 Sperm oil, 

; 62-1 

-84.55 

52-5 

•00161 

0-085 

j Olive oil, 

: 93 3 

-8826 

82-3 

, -00187 

0-154 

I Rape oil, 

; 105-2 

-8822 

92-8 

' -00191 

0-177 

I Tallow, ... 

105-2 

•8784 

92-4 

•00190 

0-176 

Castor oil, 

321 -2 

•9284 

298-2 

•00203 

0-605 

Neutral wool fat, .... 

906-0 

•9137 

827-8 

•00202 

1-672 

Scotch Mineral Oih. 




1 


‘865,’ 

•890,’ 

38-2 

•8347 

31-9 

•00113 

0-036 

54-8 

•8581 

47-0 

•00146 

0-069 



4 

f— 


■■ 

Galician Mineral Oih. 






Light (pale) machinery oil, 

Heavy (pale) machinery oil, 



... 

... 


Russian Mineral Oils. ; 




j 

j 


Light machinery and .sjdndle oil, . , 

67*9 

•8661 

.58 '8 

00168 

0-099 

Medium (nale) machinery oil, . i 

Heavy (pale) engine and machinery oil,| 

115-4 

•8784 

101 '4 

•00193 

0-196 

Heavy (dark) axle oil, 

Extra heavy (pale) engine and j 






m'^chinery oil 


... 




Ainerican Mineral Oils, 






Spindle oil (‘ Pale 885’), 

52-2 

•8521 

44-5 

•00148 

0-066 

„ „ (‘Pale 860/70’), . 

Light machinery oil (‘900/7 ’), 

‘ Solar red ’ engine oil, 

63-9 

•8358 

53-4 

•00162 

0-086 

75-5 

•8690 

65-6 1 

•00175 

0-115 

91-9 

•8843 

81*3 

•00185 

0-150 

‘ Bayonne’ engine oil, 

‘ Special red ’ engine oil. 

Medium (dark) machinery oil, 

103*5 

•8797 

91-1 1 

■00J90 

0-173 



0... 1 

127-0 

•8514 

108-1 

•00194 

0-210 

‘ Galena ’ axle oil, .... 




Heavy (pale) machinery oil, . 
Filtered cylinder oil (‘ Valvoline ’), . 

■ 3’47 0 

•8587 

298-0 

•00203 , 

0’-’605 

» M „'(‘F.F.F.'), . 





Dark cylinder cil.C A^), 
n ,,*(‘N’), . . 

II ,, |. (‘ Locomotiye *), . 

L^rk filtered c^’lin del oil (‘N’), * . 

(>1 - 

4/1 *4 

•8666 

408-5 

•00*204 ! 

0**8S3 
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Tahle' XXXIV. — concluded. 





tVJ K. 



Uuscription or Oil. 

Efflux 

Velocity 

(seconda 

t. 

Density 

d. 

td. 

fc. 

Viscosity 

V 

=ktd. 

Animal and Veijdahlc Oils. 

100 c.c. 





Sperm oil, ..... 

43-4 

*8229 

35*7 

*00128 

0-046 

Olive oil, ..... 

53*6 

*8596 

46-1 

*00151 

0*070 

Ra])e oil, 

587 

*8595 

50*5 

*00168 

0*080 

Tallow, 

58*0 

•8557 

49-6 

•00157 

0*078 

Castor oil 

98-9 

*9050 

89-5 

•00189 

0*169 

Neutral wool fat, .... 

180*0 

•8909 

160*4 

•00196 

0-314 

Scotch Mineral Oils. 






‘865,’ 

‘890,’ 






Galician Mineral Oils. 

Light (pale) machinery oil. 






Heavy (pale) machinery oil, 






Russian Mineral Oils. 

Light machinery and spindle oil, 

41*0 

•8442 

34*6 

•00124 

0-043 

Medium (pale) machinery oil, 

51*8 

*8568 

44*4 

*00148 

0*066 

Heavy (pale) engine and machinery oil, 




... 


Heavy (dark) axle oil, 





... 

Extra heavy (pale) engine and 
machinery oil, . 






American Mineral Oils. 

Spindle oil {‘ Pale 885’), . 

36*8 

•8298 

30-5 

“i 

*00107 

0-033 

„ „ (‘Pale 860/70’), . 

Light machinery oil (‘ 9 u 0/7 ’), 

40*8 

*8138 

33*2 

*00119 

0 039 

43*8 

*8469 

37 •! 

•00132 

0 049 

‘ Solar red ’ engine oil, . 

47*5 

•8624 

41*0 

■00142 

0-058 

‘ Bayonne * engine oil, 

‘ Special r?d ’ ei)ginei,oil. 

50*4 

•8579 

43*2 

•00146 

0-063 






Medium (dark) machinery oil. 

69*1 

•8291 

49 0 

*00156 

0*076 

‘ Galena ’ axle oil, , 

• •• 





Heavy (pale) machinery oil, . 

«•« 



•ooi52 


Filtered cylinder oil (‘ Valvoline ’) 

• 116 0 

•8377 

97 2 

o ’-187 

,, (‘KF.F.’), . 

Daik cylinder oil (‘A’), . .• 

^ . . 

159*0 

•8370 

133 •: 

•00191 

0-254 

145*0 

*8441 

T -‘O 4 

•00196 

0*240 

1730 

•8464 


*00193 

0*282 

„ ,, ,, (‘Locomotive’), . 

Dark filtered cylinder oil (‘ N ’), 

202*0 

•8489 

170*6 

*00200 

0*341 

208*0 

•8656 

177*9 

•00200 

0-366 


• 

• 


• 

— — 
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Table XXX V.— Viscosities of Oils in Dynes per bq. cm. deter- 
mined, by THE Redwood Viscometer. 





60" F. 



Description of Oil. 

Efflux 

Velocity 

Density 

td. 

Jt. 

Viscosity 


(secotuls) 

t. 

d. 

II 

r 

American Mineral Oils. 





* 

* Globe ’ oil (dark) . 

Light Machinery oil 

653-0 

•8802 

674-8 

•00237 

1-362 

C 905/10’) .... 

689-5 

•9064 

624-3 

•00237 

1-479 



/■ 

100" F. 



1 






American Mineral Oils. 



1 



‘ Globe’ oil (dark) . 

Light Machinery oil 

(‘905/10’) .... 

199-6 

•8663 

173-0 

-00234 

-00235 

0-405 

1 

200-2 

•8915 

178-5 

0-419 i 

1 
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Table XXXVI.— Absolute ViscosiriES of Oils Mummary). 



Absolute Viscosity (»j) in Dynes per sq. cm. 

De8crii)ti(''i of Oil, etc. 





60* F. 

100* F. 

150* F. 

212* F. 

Water at 68° F. (20° C.), . 

0-01028 

Jnhtuil anti VctjHahle Oils, 





Sperm oil, 

0-420 

0-185 

0-085 

0*046 

Olivo oil, 

1-008 

0-377 

0-154 

0-070 

Rape oil, ...... 

Tallow, 

Castor oil, 

1-118 

0-422 

2*729 

0-177 

0-176 

0-605 

0-080 

0*078 

0*169 

Neatral wool lat, .... 


1-672 

0-814 

Scotch Mineral Oils. 





‘865,’ 

0-146 

0-066 

0-036 


‘ 890,’ 

0*509 

0-183 

0-069 


Galician Mineral Oils. 





Light (pale) machinery oil, 

0-388 

0*142 



Heavy (pale) machinery oil, 

1*264 

0*342 



Russian Mineral Oils. 





Light machinery and spindle oil, 

1-156 

0'3i)7 

0-099 

0-043 

Medium (pale) machinery oil, 

3 592 

0-762 

0*196 

0-066 

Heavy (pale) engine and machinery oil, 

5-176 

1*052 


Heavy (dark) axle oil. 

Extra' heavy (pale) engine and 

6*066 

1*223 



machinery oil, .... 

6-157 

1*217 



American Mineral Oils. 





Spindle oil (‘ Pale 885 ’), . 

0-453 

0-162 

0-066 

0-033 

,, ,, (‘Pale 860/70’), 

Light machinery oil (‘ 900/7 ’), . . I 

0-727 

0-236 

0-086 

0-039 

1-138 

0-342 

0-115 

0-049 

' (Jlobe’ oil (dark). 

1-362 

0*405 



Light machinery oil (‘ 905/10 . 

' Solar red ’ engine oil, 

1-479 

0*419 



1-915 

0*496 

0*150 

0-058 

‘ Bayonne ’ engine oil, 

‘ Special^red ’ engine oil. 

2-172 

0*572 

0-173 

0-063 

3 001 

0-589 



MM’um (dark) machinery oil, . 

1 3-046 

0*705 

0*210 

0*076 

‘ Galena ’ axle oil, .... 

4-366 

0*909 


Heavy (pale) machineiy oil, 

6*606 

1*274 

••• • 


Filtered cylinder oil (‘ Valvoline’) » . 


2-406 

0-M.5* 

0-187 

„ (‘F.F.F.’), . . 

Dark cylinder oil (‘A’), . . • . 


4 *221 


0*254 


4-224 

. 0-833 

0-240 

. n nCN’). . . . 


6*i2l»i 

a 

0-282 

,, ,, ,, (‘ Locomotive ’) 

Dark filtered cylinder oil (‘ N ’) . 


7-324 


0*341 

• 

10-029 

• 

• 

0-356 
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60" too" tSO* 217'^ 


Temperature * F. 


Fio. 49. — Light Maolunery Oils. 



Absolute Yiscosity. Absolute Viscosity. 
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Fio. 50. — Heavy Machinery Oils. J 



60 • too* /so* 212 * 


Temperature * F. 


Fig. 61. — Gylimlor Oils. 



/OO* /SO'’ 2/2* 

Temperature “ F. 


Absolute Viscosity. 
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V 

Apparatus for Determining the Consistence of Solid Pats 
and Greases. 

Kissling’s Apparatus, shown in fig. 52, is constructed and used as follows 
A rod, 30 c.m. long and 8 to 10 mm. in diameter, passes loosely through a 
hole in the plate/. The lower end of the rod is pointed, and to the uppei 
end is fixed a weight P. The fat or grease is contained 
in a beaker, 8 cm. wide and 10 cm. high, which h 
placed in such a position that when the point of the 
rod rests upon the surface of the fat, the poiiU of the 
stud S is exactly 10 cm. above the plate /. The rod 
is then allowed to sink int^ the fat, and the time 
which elapses before the stud touches the platfe U 
measured. The number of seconds expresses the rela- 
tive consistence of the fat. All experiments with this 
apparatus are made at 20“ C. 

According to the consistence of the fat, either a 
brass rod of 150 grammes total weight, or a zinc rod 
Fig. 52. — Kissling’s 100 grammes weight, ora glass rod of 50 grammee 

Apparatus for weight, is used, and the fat must have remained 
Greases. undisturbed for twenty-four hours before the test h 

made. If a sufficiently large quantity of the fat is 
available, the container may be a thin brass cylinder with a loose bottom, 
which is filled by pressing it down into the f^; in this way the fat is not 
subjected to mechanical disturbance in fillin^the vessel. . If the repeated 
testing of the same fat does not give concordant results, the fact must be 
attributed less to a defect in the apparatus than to the sensitiveness of fats 
to mechanical disturbance and change of temperature, and to the fact thal 
their consistence is not always uniform in different parts {Kunkler). 

Eunkler’s Apparatus is shown in fig. 53. It is made of sheet brass, anc 
the temperature of testing is 50° C. In the water bath ft, the temperature 
of which is inaiiittiined by applying heat to the vessel gr, and registered bj 
means of the thermometer /, the vertical tube h is fixed, tsrminating in the 
jet rf, 6 mm. wide and 15 nim. long. The tube c, 30 mm. wide and 150 mm 
long, which contains the fat or grease, slides witliin the tube 6, and the 
grease is forced out of this tube, through the jet d, by means of the piston e 
75 mm. in length, consisting of two discs, 29 mm. in diameter, and a 
connecting piece. 

The tube o, forming an upward continuation of tlie piston, is kept ir 
position by a projecting strip which slides in the groove n, on the insiae oj 
the tube c. A cap A, the movement of wliich is restricted by the pin t 
working in the slot m, fits over the upper end of the tube r, and acts as a 
stop for the brackets k and by which the movement of the piston arrested 
The brackets fc, which rest upon the cap before the experiment is commenced 
are set free by turning the cap to the right ; tlie piston tlieu commences t( 
descend, and continues to fall until the second pair of brackets, lests npoi 
the cap, when the experiment is at ap end and the time is noted. Th< 
distance between the two pairs of brackets is 55 mm. The piston is loadec 
with the whole or a por tion of the lead vmights r, three of 200 grammes, om 
of 100 grammes, Jno^ie of 60 grammes, according to the consistesci? qf th< 
grease. I'he weights are kept in position by the rod and disc p. The weighi 
of the piotoji and rod is 170 grammes. 

In using lh[8*apparat]as, ^e^tt^be c is filled with the grease to be tested 
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by first inserting tlie piston e and spreading the grease wit'i a broad knife 
upon the disc b, and, whilst spreading more and more grea^.e gradually with- 
drawing the piston until the upper disc reaches tfie open e. 1 of the tube. 



'4rcat care must be taken that no tir-bubbles are in dude d. After pressing 
dowj> tJi#grea8e with the rod and disc «, the piston ®J^e withdrawn and 
another tube filled, as, owing to the extent to which the consistency of grease 
is affected by working it about, the tube after filling must remain for at least 
twenty-four hours at a temperature of about C. before tfi§ test is made. 
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The water-bath then filled nearly full of water at 55° C., and this tem- 

E erature is maintained constant during the test. The tube of grease having 
een inserted into the fixe^l tube fe, the piston is put in and pressed down 
until the stop, rests upon the cap. After the lapse of twenty minutes, the 
suitably loacled j)istoii is liberated by turning the cap, and the time which 
elapses before its movement is arrested by the stops, Z, measures the consistency 
of tlie grease. 

This apparatus is intended for comparing the consistency ot‘ one sample 
of grease with anoth(U', or of several sain])les with a standard, and the load 
put u])on the piston must depend upon the consistency of the grease. It 
should be so pro]>()rtioned that the time of experiment with the stiffest 
samjde is about l,en minutes. It is obvious that the load must be the same 
for all samples compared, as the results of tests made with different loads do 
not admit of comparison. 


ih— SPECIFIC GBAVITY AND DENSITY. 


The spccifie gravity of a solid or liquid substance is the weight 
compared with that of an equal volume of water taken as unity. 
Unless otherwise stated, the comparison is made with water at the 
same temperature as tlie substance, but such an expression Jis ‘ sp. gr. 

20 ° . ' 
at means the weight of the substance at 20° compared with water 

iit 4° taken as unity. In the C.G.S. sy^em of units, the specific 
20 ° 

gravity at - C. is identical with the demity of the substance at 20° 0.^ 


The specific gravities of the vegetable and animal oils and fluid 
waxes at 60° F. (15-5” C.) range from about 0*879 in the case of 
sperm oil, to about 0*968 in that of castor oil, and although 
individual specimens of (’ach description of oil are liable to vary 
somewhat -in specifii; gravity, the limits of variation for each of the 
principal kinds of oil are not wide and are pretty well known. 
ETence, a knowledge of the specific gravity of an animal or vegetable 
)il is valuable, both Jis a means of identification and also in judging of 
die purity of a particular specimen. 

Mineral lubricating oils may also be classified according to their 
jpecific gravities (see p. 185), though this property is of secondary 
mportance in relation to their lubricating value. It is, however, of 
^reat importance in distinguishing between mineral oils, on the one 
land, and rosin and coal-tar oils on the other. < 

Determination of Specific Gfravity. — Practically three methods are 
n use for determining the specific gravity of liquids, vh, : —1. By 
lyknomeiefs, 2. • By Ihe speHfic yramiy balance. 3. By hydrometers. 
Dhe first method is applicable to all* liquids, however viscous, and is, 
herefore, the m ost sui table for lubricaliing oils. The two I tst methods 
ire adapted only^*7o? liquids of very moderate viscosity, tfieir 
pplicability to lubricating oils is, therefore, limited. 


\iee third edition, p. 30. 
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The term ‘ pyknometer ’ includes any vessel in whl-h an accurately 
measured volume of a li(|uid can be weighed ; the kinds in common 
use arc the various forms of specific gravity bottle and the Sprcngel 
tube. Of the former, the plain form, with an accurately ground, 
finely perforated stopper, is most useful for detenuining the specific 
gravities of lubricating oils at ordinary ieniperatures ; for higher 
temperatures, and for limited cpiautities of material, the Sprengel tube 
is more convenient and accurate. 

Bottle Method. — The specific gravity bottle with perforated stopper is 
shown ill fig. 54. It can be obtained of various sizes, but the most suitable 
for our jiiirpo.se holds, nominally, 25 grammes of water at 
60° F. The cajiac.ity marked on the bottle must not be 
accepted without verification, but the bottle must be calibrated 
by ascertaining its weight, when emjity, and wlien filled with 
recently boiled distilled water at Go" F. 

To calibrate the bottle. — The bottle before being weighed 
must first be thoroughly cleaned, rinsed with w'aler, al<*.obol, 
and ether in suocevssii/n, then warmed, and dried by aspirating 
a current of air to displace the ether vapour. Tlie bottle 
should not be strongly heated. The stopper, also clean '^d and 
dried, is inserted ; the hottle is allowed to stand in a cool ] lace Fio. 54. 
for ten or fifteen minutes, then wijied with a clean soft rag and 
immediately weighed. Some pure distilled water is next boiled vigorously 
for about five minutes in a jilatinum or silver vessel, rapidly cooled to GO" F., 
and carefully poured into the bottle, avoiding the int.rociuction of air bubbles. 
The bottle is immediately immersed up to the neck in a cajiacious basin of 
water at exactly 60" F., and is allow'ed to stand at this temperature for 
a few’- minutes, the water in the basin being freipiently stirred with the 
thermometer and maintained constant in teiniierature. The stoppiu* is then 
inserted in the hot tie, well hedded into its seat, and the siirjilus water which 
has exuded through the perforation wiped (df. If, now. the temperature of 
the water is the same inside and outside the bottle, tne capillary in the 
stopper will remain exactly full, and there Avill be neither contraction nor 
exudation of water. When tins is the case, the bottle is lifted out of the water 
in the basin, and slowly immersed ^ in water several degrees colder, which 
will cause the water in the bot tle to contract and enijity the capillary ; the out- 
side of the bottle can now be wiped cpiite dry and weighed before the water 
has t ime to expand and exnde from the sLopper. Duplicate weighings, if 
carefully made ui the manner directed, will not. differ hy more than two or 
three tenths of a milligramme. At least two weighings should be made. 
The bottle is then drieit and again weighed empty. The weight should not 
differ from the previous v eight of the empty bottle by more than 0’6 
milligraii^ic. The difiereiice between the mean weight of the bottle when 
full and empty isdhe water capacity of the bottle at 0(f F. This seldom 
needs to be redetermined ; but the empty bottle should be frequently 
rew’eiglied, as it may become scratched or chipped in use. 

To determine the specific yr city of ^ oil at 60° F. — About 50 c.d. of the oil 
are poured into a small lijiped* beaker, stirred with a thermometer, most 
carefully avoiding the introciuctio*i of air bubbles, and brought to exactly 
60" F. immersing the heake,r in water 2 or 3 degl^.i.'o’klTove or below that 
temperature. The bottle is then filled quite full of the oil, without intro- 

^ Rapid immersion, by causing the bottle to contract first, expels some liquid 
from tlie stopper. 
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dncing any air fcibbles, immersed np to the neck in water at 60“ F., the 
stopjjer loosely inserted, cansing the excess of oil to overflow into the basin, 
ana then, after waiting about five minutes, bedded firmly into its place, 
the excess of f)il being wij^ed off the top of the stopper. Having ascertained 
that the temperature is correct, and that the oil is neithei- expanding nor 
contracting, the bottle is c-ooled, wiped clean and dry, and weighed, exactly 
as in calibrating the bottle with wahir. By subtracting from the totol 
weight the tare of the empty bottle, and then dividing the diflerence by the 
water capacity of the bottle, the specific gravity of the oil at 60“ F. is 
obtained. The tliermometer used must be verified by comparison with a 
standard instrument. ^ 

Ghjeerin iiwii very viscous liquids which cannot be poured into the narrow 
[leck of the bottle may be manipulated as follows Tbe jet is ert off a 
30 C.C. pipette, making tht‘ delivery nozzle the full bore of the tube, and the 
iry pijiette is filled with the liquid. The nozzle of the pipette having 
leen wiped out, side, is tlum inserted into the .speeific gravity l)ottle nearly to 
lie bottom, and the li([uid is allowed to quietly flow out. lu this way, tlie 
mottle may he easily filled without the introduction of a single air bubble. 
The bottle, whilst being filled, is held down in water at the required tem]>era- 
aire, and, when full, the stopper is inserted, and tlie bottle is allowed to stand 
n the water at constant tetnperature until expansion or contraction has 
leased. The excess of fluid is then removed from the stoiij)er, the bottle is 
jooled, wiped clean and dry, and weighed. 

Sprengel Tube Method. — SprengePs very iisefnl pyknometer has the form 
of an elongated Uj the arms of wluch terminate in Uvo 
ca})illary tubes which are heiit^at right angles in opposite 
directions. One of the cajuUury tubes has a very fine bore 
and IS drawn down to a point, the other lias a wider bore, 
about 0‘5 )nm. in diamet/cr, and is not drawn down. 

In filling the tube, a small glass bulb, with a j)iece of 
narrow rubber tiibing athiched k it, is fixed on to the 
narr(>wer capillary by means of a perforated rubber stopper, 
and tbe wider capillary is dipped into the oil, which is 
then drawn into the tube by suction applied to the rubber 
trl)e, the glass bulb serving as a vacuum chamber. This 
is tlie method described by Sprengel,^ bin with liquids of 
moderate viscosity the glass bulb may be dispensed witli, 
and viscous liquids can usually be reduced in visc( sity by 
warming, so as to be easily drawn into tlie tubu. When 
full, tbe tube is detached from the bulb and suspended in 
a lieaker of water, a.^ shown in fig. f)5, and tue temperature 
of the water is iiiainUained constant, wiih frctjuent stirring, 
until the liquid has ceas(i<l to expand or coiitrai i It is 
mo.st convenient to arrange the temperature of the liquid 
in the tube so tlia* t sliall expand, and the liquid i^ahsorbed 
by a strip of filter paper until it ceases? to exude fiom the 
capillary orifice. The tube is then lifted out of fbe water 
by means of a small brass wire hook, and immer.'-ef: for a 
short time in colder water, so as to contract tin ji<piid and 
emjity tbe capillaries. It is then wiped and weighed. 

Tig. £>r>. movement of the liquid in expanding or < >mtracting 

TalS^place, as a rule, entirely through the wider Si^’^iary, 
v^here there is least resistance. The narrower capilla^’y, when full, generally 
emains so, nnd no liquid is expelled from it unless expansion occurs very 
• ' Jour, Chem. Soc.^ 1873, p 577. , 
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rapidly. If it is necessary to introduce liquid into the pyh.iometer, owing 
to contraction having occurred, a dro]) in the end of a glass tube applied tc 
the point of the narrow capillary will he drawn in. 

The water capacity of this pyknometer is determined as in the case of the 
bottle, and having been done wdth ^reat care need seldom be redetermined, 
but the empty tiilx^ should be reweighed occasionally. 

At 212' F. (~ 100“ 0 .). — For determining the s]). gr. of oils at the boiling- 
point of water, which for all practical purposes may be assumed to be 
212“ F., the neck of a 40-oz. flask is cut down as shown in fig. 56, and two 
opposite nicks are filed in the neck to receive the arms of the Sjirengel tube. 
The flask is filled to the depth of about two inches with hot water, a few 
fragments of piimice are thrown in, and the water is made to boil vigorously. 
The filled Spi’engel tube is then suspended in the steam, and the open neck 
of the flask is covered by a watch glass. As soon as oil is no longer expelled 
from the tube, the ends of the capillary arms are wijied with filter paper 
and the tube is lifted out of the steam, cooled by immersion in cold 
water, wiped and W'cighed. This is the most convenient method of 



Fio. 66. 


Fio. 57. 


determining the specific. gravitie.s of fatty acids and fats which are solid at 
the ordinary temperature. 

Sprengel tubes inay be made to hold as little as 1 c.c., and, with care, the 
results obtained with a delicate balance are surprisingly aticurate. Such 
small tubes are sometimes useful for determining the sjiec.ific gravity of the 
small quantities of fatt\ acids obtained by saponifving mixed oils in the 
proce^ of analvsis. Sju-engel py kilometers are specially adaiited for work 
with hot liquids, as they need not, like bottles, be handled, and their shape 
mises the temperature of tlm contained liquid to beiamie quiiikly adjusted, 
ihe movement of the liquid in the delicate cajiillary tubes indicates the 
sag. itest variation of temperature. The only drawback is the tedious 
naiure of the filling and emiitying operations with viscous liquids, but 
this may be largely overcome b;. wanning the liquid so as to reduce the 
viscosity. '■ 

weetphal Balance Method.— The ^Westphal specific gravity balance (fig. 

J^j^strument of the steelyard type construcudd ' m indicate the 
specihcV^ity of a liquid by the relative loss of weight of a plummet of 
known displacement when suspended in the liquid. The complete instru- 
ment consists of the balance proper, the glass thermorneter^-nfummeL thp 
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iTiniicrsion cylinder, and two exactly similar st^ta of four ri<ler weights, the 
largest rider of each set having the sjime weight as the water which the 
plummet disj)laceR at 60”, b\, 1,he next rider having one-tenth of this weight, 
the third one-hundredth, and the fourth one-thousandth. Tlie beam is 
divided by notches into ten exactly equal jiarts, the notcdies being ])oints of 
suspension for the ridtu's and numbered c.ousecutively fiom 1 to 9. 

The balance is set U]i in a place free from draughts, and is adjusted by 
means of the levelling screw in the foot, so that when the beam is oscillating 
with the plummet suspended in air the index finger at the short end of the 
beam will come to rest exactly opposite to the fixed point. If the plummet 
be now suspended in water at 60" F., assuming that the instrument is 
intended for use at that temperature, equilibrium will be exactl;^ restored 
by suspending one of the largest riders from the same hook as the plummet, 
indic^ating a spec.i tic gravity of I’O. But if the liquid be of specific gravity 
0*90, e<]ui librium, will be restored by susjiending the same rider from note'll 
No. 9 ; if the sjiecific gravity be 0*92, the next largest rider also must be 
susjiended Iroiu notch No. 2 ; if the sjiecific gravity be 0*922, the third rider 
must, be hung from the .second ; and if the specific gravity be 0*9225, the 
smallest rider must be hung from notch No. 5. Thus, the speiafic gravity 
of any liquid is shown at a glance to four decimal places by tlie positions of 
the riders on the beam, the largest rider giving the first decimal jilace and 
tlie other riders the remaining places in order. 

Every instrument purchased must, before^ use, be verified by measuring 
carefully the distances between the fixed points along the beam, which 
should not vary more l.han one-thousandth part. ^Idie jdiimmet must also 
be weighed in air and in water at 60” K., on ag^ ordinary balanc.e indicat- 
ing 0*1 milligramnie, and the water displaced by the ])lummet must weigh 
the same as the largest rider of each set, the other riders varying in decimal 
proportion. The following table by Stock shows th®» variations met with 
in the riders of a Westidial balance by a gocxl maker, the numbers in the 
third column showing that the maximum deviation from unity did not 
exceed 1 unit in the fourth decimal place, which is a satisfactory agreement. 

Taulk XNXVIL— Bhowino Vahiations in Piders. 


- 

— - 

— ______ 

Rider Nunilier. 

Weight ill Air. 

Relation to Lnity. Plummet Dis- 

(Iruninies. 

placement =r»-48 Grammes. 

1 

6*4806 

1-00(M)7 

la 

6*4796 

•99992 

2 

*6482 

•10003 

2a 

•6483 

•10004 

B 

•0655 

•01010 

3a 

•0655 

' -01010 

4 

•0070 

•00108 

*4a 

•0071 

* 1 

•00109 


With a well-macfe instrument, the probable error of a specific gri>yity deter- 
mination will not exceed two or three points in the fourth decimal pia‘ce with 
a liquid of low viscosity, such as water or even sperm oil, but the viscosities 
of most luVi^ting oil8*at ofdinary temperatures oppose so much resistance 
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to the movement of tlie plummet that the probable error becomes much 
greater. At sufficiently elevated temperatures the viscosities of oils become 
so much reduced that the Westjdial balance may b‘» used for both oils and 
fats, provided proper allowance be made for the exjjansion of the plummet. 

100 ° 

To determine the sji. gr. of a melted fat at C., for example, with an 

instrument constructed for use at some other temperature, we may proceed 
in the following manner First determine by means of the balance the 
a])parent sp. gr. of water at 100“ C.,=.t, and then the apparent sp. gr. of 

the oil c'P 100" C.y-y ; theu-^, with the appropriate wrrection for vacuo 

added on (p. 180), is the true sp. gr. of the oil at 100“ C. This result x 

O'OfiSOO (the density (»f water at 100“ C.) is the density of the oil at C. 

Fig. 58 shows Carter Bell’s method of using the balance for determinations 



Fig. 58. 


at 100“ C., D being a glass tube containing the oil or melted fat, C a bath 
of paraffir^wax, and B the water-jacket. The tube for the escape of steanr 
should be prolonged u}>wards, well above the beam of the balance. A 
enecial plummet may l>e re(pured, as the thermometer of the ordinary 
plummet has only a limited nu-ge. 

Hydrometer Method. — Of all methods for ascertaining the specific gravities 
oi liquids this is the most rapif’, and provided the instrument used is 
corruc-tbvjgraduated, or its error exactly known, very accAate results may 
be obmined by it with liquids of low viscosity. But no hydrometer can be 
depended upon unless it has been tested by floating it in two or more 
liquids of which the specific gravities have been determint4 by means of 
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the pyknonieter. From the diflFerences (if any) between tlie true an 
observed values, a table of errors may be constructed for any fairly goo 
instrument, by which the readings may be corrected. When the viscosity c 
the liquid is great enougli to seriously impede the free movement of th 
hydrometer, as is the case with most lubricating oils at ordinary tempera 
tures, the probable error of the method is greatly increased, and in siuil 
cases the hydrometer should only be used where speed is of chief importanc 
and accuracy a secondary matter. 

Hydrometers may be divided into two classes, viz., those giving specifi 
gravities directly, and those graduated with arbitrary scales. Hydrome1,er 
of the former class may be purchased of almost any size and range, and al 
hydrometers must be used at the temperature for which they have beei 
constructed. 

A large number of instruments having arbitrary scales are in use. Oil 
of the most common is Lefebre’s oleometer. It is intended for use at 15° C 
The stem is graduated in degrees, numbered from 1 to 38, and opposit 
some of them are the names of certain oils. If immersed in rape oil, i 
will sink to the 15th degree, against which the name rai)e oil appears ; ii 
linseed oil it will sink to the 35th degree ; and so on. These numbers 
increased by 90U, are the specific gravities of the oil compared with wate 
= 1000. Table N XXVIII. contains a list of hydrometers, the temperatun 
at which each is intended to be used, and the formula for converting tin 
degrees into specific gravities.^ 

Alcohol Method.— The foregoing methods are not directly applicable t( 
solid fats and waxes, but with the aid of a device first suggested ])y Fresenini 
and Schulze, they may be made so. This consi8t||^n preparing a mixture o: 
alcohol and water in which the solid substance neither sinks nor floats, anc 
taking the specific gravity of the liquid. The same method is obviousl) 
applicable to liipiid oils, and is often conveniently employed for ascertaining 
the specific gravity of the small quantities of hydrocarbon oil isolated in tin 
process of analysis. 

If a solid substance is being exnerirnented with, it may be prepared foi 
the test in the manner recommenaed by Allen and Chattaway. The fat oi 
wax is melted at the lowest possible temperature and allowed to solidif} 
spontaneously, without artificial chilling, in aflat-bottomed cai)sule or watcl 

f lass. Smooth fragments are then cut from it with a knife or cork borer, 
n the case of some fats wljich contract greatly on solidification, such as palm- 
nut and coconut oils, it is absolutely essential to allow the substance tc 
solidify by standing over night before taking the specific gravity. One oi 
the fragments thus obtained is held under the surface of dilute alcohol, by 
means of forcejis, and carefully freed from adhering air-bubbles by means oi 
a camel-hair brush. The sjiecific gravity of the alcohol is then adjusted 
by adding either stronger or weaker alcohol (not water, because of the air- 
bubbles formed on mixing) until the fragment remains suspended anywhere 
in the liquid. The specific gravity of the diluted alwhol is then (’'itermined 
by the hydrometer or the Westphal balance. Of course, the final adjustment 
of the alcohol must be made exactly at the temperature at whicJi tli ? specific 
gravity of the substance is required to be known. 

j Keduction to the Vacuum. — The apparent weight of a body in air 
is lesis than the^truo weight by an amount equal to the weight of air 
displaced by the body. As this is true of the weights as of 

^ See Dittmar; Chemical Arithmeiic^ mrt i. p. 78 ; also Schaedler, Tt’chnologieder 
V’etteundOde^.lZ. 
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Taule XXXVIII. — Formula: for Convertiko HYUiiOMETER 
Decrees to Specifk; Gravities. 


Hy<lruni('ter 

Teniperfttiii’e. 

For Liquids 
lieavier tlmn 
Water. 

For Liquids 
lii;hter than 

Water. 

Ball ill 

.. 

1 7-5° C. 

200 

' 200 -n 

200 

200 + 11 

Bi'aiime 1., . 

I2-5” C. 

y 145*88 

^ 145*88 

145*88-11 

" 145*88 + (ii- 10) 

Beaiiinc IT., 

15“ a 

^ I44*:i 

^ “144-3-11 

c. 144*3 

144*3 + (n- 10) 

Bt^aunn' 1 1 T., 

17T>“ C. 

„ 146-78 

' 146-78-11 

146*78 

' 146*78 + (n-10) 

B(‘ck, 

i2T>“ a 

o no 
^ 170 -n 

C4 170 

' 170+n 

Brix, . 

} 12-.V R. ) 

( 15 -(525“ a ( 

M 400 

^~400-n 

o 400 

400 + n 

Cartier, 

i2-.r c. 

„ 136*8 

136-8 

126*1 -n 

1 126*1 4-n 

Fisclier, 

(12-5'’E. ) 

i 15-625° 0. ( 

^ 400 

' ~ 400 -11 

400 

'400 + n 

1 

Gay-Lussac, . 1 

4° ( J 

S- 

100 ‘ 


100-11 

^"100 + 11 

E. G. Greiner, 

J 12-5“ R. ^ 

1 16-()25“ C. ] 

400 

“400-11 

400. 

400 + n 

Stoppaiii, 

P2-5“R. ) 

/ ir>'C)25“ 0. ] 

C4 160 

160'- 11 

160 

"160 + 11 

• 

Twaddle, 

60“ F. 

11 + 200 
~ 200 


i " 

! 

1 *' ■ '■*’ 1 

C ■= Centijjrade. 
F =;Falirenaeit. 
R = Reaumur. 

S= specific gravity. 

11 — degrees. 

• 
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the body weiglied, if these happen to he the same in specific gravity, 
and, therefore, e{pial in volume, the error on one side of the scale 
balances that on the otiior. But, when the body weighed is water and 
the weights are of brass, about 8*5 times heavier than water, the 
volumes are nearly as 1 7 : 2, and, therefore, the apparent weight of the 
water is loss than the true weight by an amount eqmil to about Jfths 
of the weight of air displaced by the water, and the apparent weight 
of any other li(piid equal in volume to the water is short of the true 
weight by a like amount. Therefore, if W and w be the ap})arciit 
weights of the water and the liquid respectively, and if W be the 
true weight of the water, then w^x\^ the true weight of the liquid, 

and the real s])ocific gravity of the liquid is not but xin 

' » 1 AV W + a; 

always very small, and when AV and w are nearly the same, i.e. wlien 
the specific gravity is near unity, as in the case of most lubricating oils, 
the error amounts to only one or two points in the fourth decimal 
pla(;e, and may be neglected. But, in determining the specific gravity 
of a mixture of glycerol and water for the purpose of ascertaining the 
viscosity by means of the tables on pp. 140-1 4B, the correction 
must be applied. As the weight of air varies with the temperature 
and pressure, the correction is not always exactly the same, but 
unless an error of ± *00005 is too great (wli^i is not the case here), 
the following table - will give the necessary coiTcction without 
calculation : — 


TaBI.E XXXIX. — OoRRBCTION FOR ReDUC'^ION OF SPECIFIC 
Gravity to a Vacuum. 


Sp. gr. fuuTid. 

Correction to 
be added. 

sp gr. found. 

('orrection to 
be added. 

0*76 



+ 0-00031 

1-05 

- 0-00006 

0*80 

+ 0-00025 

1-10 

- 0-00012 

0*85 j 

I + 0-00018 

1-15 

- 0-00018 

0*90 ' 

I + 0-00012 

1-20 

- 0*00025 

0*95 

+ 0*00006 j 

1-25 

- 0*00031 

; 1*00 

1 

+ 0-00000 j 

1 

1-30 

- 0-00037 


Chenge of Standard (Determination of Density).- To reduce 
th»' speciTic gravity of an oil or otl 4 iL?r liipiid, compared with water at 
r (\ as standard, to the specific gravity compared with water at 4’ C. 
as standard ^e, to ascertain the of the liquid at f — all that 

* Alder AVjiglit, “ Oii*Fliiid SiK'cilic Gravities,” Jour. Soc. Oitm. Jnd.. xi 
(1892), p. 297.^ ‘ 

‘ Dittiiiar,^V/e:aica^ Arith'fhetic, vul. p. 111. 
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is necessary is to multiply the specific gravity at by .,:ie density of 
water at f wliich is given in Table Xli.^ 

Tahlk XL.— Densities op Water at 4“ C. (39‘2“ F.) to 100° (J. 
(212° IL). {Rosetti.) 





1 

t. 

• 


t. 



Density 

D. 

Diff. 



DeiiBity 

Diff. 





1 


D. 



c. 

• F. 



’ " c. 

o P 



” C. 

^ F. 

4 

39-2 

1-00000 


^ 36 

96-8 

-99383 

-36 

1 68 

154*4 

5 

41 

•99999 

-2 

37 

98-6 

47 

69 

156-2 

6 

42-8 

97 

38 

100-4 

10 

37 

38 

38 

39 

40 

40 

41 

41 

42 

44 

45 

46 

47 

1 70 

158 

7 

44 6 

93 

4 

4 

39 

102*2 

-99273 

1 

159-8 

8 

46-4 

89 

40 

104 

35 

72 

161-6 

9 

48-2 

82 

i 

41 

105-8 

•99197 

1 73 

163-4 

10 

50-0 

75 

7 

9 

11 

12 

13 

14 
16 
16 
19 

19 

20 
21 
22 
23 
23 
25 
25 
27 

27 

28 
28 
30 
30 

32 

33 

34 

35 

42 

107-6 

58 

74 

165-2 

11 

51-8 

66 

43 

109-4 

18 

75 

167 

12 

53-6 

55 

44 

111-2 

•99078 

76 

168*8 

13 

55'4 

43 

45 

113 

37 

77 

170-6 

14 

57*2 

30 

46 

114-8 

•98996 

78 

172-4 

15 

59 

16 

47 

116-6 

54 

79 

174-2 

16 

60-8 

00 

48 

118*4 

10 

80 

176 

17 

62-6 

*99884 

49 

120-2 

•98865 

81 

177-8 

18 

64-4 

65 

50 

122 

19 

82 

179-6, 

19 

66-2 

46 

51 

123*8 

•98772 


83 

181-4 

20 

21 

68 

69*8 

26 

05 

52 

53 

126-6 

127-4 

•98677 

1 / 
48 
48 
4S 

47 

48 

49 

49 

50 , 
52 
52 . 
52 ' 
54 

54 i 

55 

55 

56 

84 

85 

183'2 , 
185 

22 

71-6 

•99783 

54 

129-2 

29 

86 

i86-8 

23 

73-4 

60 

56 

131 

•98581 

87 

1188-6' 

24 

75-2 

37 

56 

132-8 

34 

88 

il90-41 

25 

77 

12 

1 57 

134-6 

•98486 

89 

|192-2 1 

26 

78-8 

•99687 

; 58 

136-4 

37 

90 

Il94 1 

27 

80-6 

60 

59 

138-2 

•98388 

91 

'195-8 

28 

82-4 

33 

60 

140 

38 

92 

I197-6 

29 

84-2 

05 

, 61 

111-8 

•98286 

93 

j 199-4 

30 

86 

•99577 

62 

143-6 

34 

94 

:20l-2 

31 

87-8 

47 

63 

145-4 

•98182 

95 

;203 

1204-8 

1206-6 

32 

33 1 

89*6 

91*4 

17 

•99485 

61 

65 

147-2 

149-(. 

28 

•98074 

96 

97 

34 

93-? 

52 

66 1 

150-8 

19 

98 

j208-4 

35 1 

1 

96 

18 

, 67 

152-6 

•97964 

99 

100 

210-2 

212 


Dunsity 

D. 


•97908 

■97851 

■97794 

30 

97077 

18 

•97558 

•97498 

38 

•97377 

10 

•97255 

•97194 

32 

•97070 

07 
•96943 
•96879 

15 

•96751 

•9C687 

99 

•96556 

•96490 

91 

•96356 

•96288 

19 

96149 

•96079 

08 
•95937 
•95866 


-57 

57 

58 

59 

59 

60 
60 
60 
61 
61 
61 
61 
62 
62 

63 

64 
64 
04 
64 

64 

65 

66 
66 
67 

67 

68 

69 

70 

70 

71 
71 
71 


At 60“ F., D =0*99907. 
. 70“ F.,D = 0*99803. 


At 100“ F., D = 0-9931 7. 
150“ F., r^O-98044. 


^ Taken, with slight alterations, from Dittmar’s Chemical Arithmetic, vol. i, 

j). 107. 
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Example . — Tlie sp. gr. of a mixture of glycerol aud water at C. was 

found to bt! 1*1848; therefore, the sp. gr. at ^^C., i.e. the density of the 

4 

liquid, is l*1848x0*99826 = l*1828. 


Alteration in the Densities of Lubricating Oils produced by 
Cha^e of Temperature. — In order to determine the viscosity of a 
lubricating oil at any temperature, it is necessary to know the density 
of the oil at that temperature. At either 60“ F. (15 *5^“ C.) or 
212“ F. (100“ 0.) it is easy to determine the density, luit at inter- 
mediate tcmpcrjitures it is not always easy. IMic density may, 
however, be calculated nearly enough, when the densities at 60“ F. 
and 212“ F. are known. 

In 'liable XLI. are given the densities at 60° F. and 212° F. of a number 
of lubricfitiiig oils, with the average dillerences for 1° P'. and 1° C. It 
will he noticed that tlieae differences are very nearly the same for all oils, 
and it is possible, without inucdi error, to calculate the density of an oil at 
any given temi)craturc l)etween 60" V. aud 212° F., if we know* the density 
at 60° F., by means of the following formula : — 

Where, d=the density of the oil a^0° F. 

/* 0*000368 for a fixed ffl. 

/(;=" l^‘d00367 for a Scotch mineral oil. 

. ' 0*000345 for a Russian mineral oil. 

.0*000350 for an American mineral oil 
t -- the number of degrees above 60° F. 

D = the required density. 

The following examples show the degree of accuracy thus attainable ; — 


1. Mape Oil. 

Density at 60° F. (determined) —0 9151 

Density at 100° F. (calculated)=0*9151 - 0*000368 x 40 = 0*9004 
Density at 100° Y. (determined) =0*9002 

Density at 150° ¥. (calculated) =0*91 51 -0*000368x90=0*8820 
Density at 150° I', (determined) =0*8818 

*■ 


2. American Cylinder Oil. 

I. 

Density at 60° F. (determined) ^ - 0*8858 

Density atfl00° F. (calcnlated) = 0'8868 - 0*000350 x 40 = 0*8J18 
Density at 100° F. (determined) =0*8720 
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Table XLI.— Table bhowinq the Alteration in Lijnsity of 
Lubricating Oils caused by Rise of Temperature {Archhutt). 


Description of Oil. 

Density at 

DilTertnce per One 
Degree. 

«(»■’ F. 
15-5^ C 

212“ F. 

100 " c. 

Fahr. 

Cent. 

Animof and Vrtfetahlc Oils. 

Hpcrm oil, 

Olive oil, 

Ka])e oil 

Tallow 

Castor oil 

Neutral wool lat, 

0 •87828 
0-91.586 
0-91506 
0-87840 
at 160" F. 

0 96240 
0-91370 

0-82290 

0-85962 

0-8.5948 

0*85572 

0*90500 

0-89092 

0 -000364 
0-000370 
0-000365 
0-000366 

0*000378 

0-000367 

0-000656 

0-000666 

0*000659 

0-000680 

0*000659 

0-000660 



Average 

0-000368 

0-000663 

Scotch Mineral OHs. 

‘81)5.’ 

‘MM/ . ... 

0-86826 

0-89054 

0*81160 

0-8356J 

0-000373 

0-000361 

0-000671 

0-000651 



Average 

0-O00367 

0-000661 

Galician Mineral Oils. 

Light (pale) machinery oil, 

Heavy (pale) iimchiiiery oil, 

0-88854 

0-89610 

0-83388 

0-84322 

0-000359 

0-000348 

0-000646 

0 0006-26 



Average 

6*000354 

0-000636 

Russian Mineral Oih^ 

Light machinery and spiudle oil, 
Medium (pale) machinery oil, 

1 leavy (pale) engine and niachinei y oil, 
Heavy (dark) axle oil, . . 

Extra heavy (pale) engine and 
machinery oil, .... 

0*89782 

0-90960 

0-908.50 

0-90930 

0-90852 

0*84420 

0-8.5684 

1 0-85682 
0-85692 

0-85682 

0-000353 

0*000347 

0*000340 

0-600344 

0-000340 

0-000635 

0-000625 

0-000612 

0-000619 

0*000612 



Average 

0-000345 

0-000620 

Amerimn Mineral Oils 

Spindle oil (‘ Pale 885 '), . 

„ „ (■ Pale 860/70 ')j^^ . 

Light machinery oil (* 900/7 ') . 

‘Globe’ oil (dark) 

Light machinery oil (‘ 90.5/10 ’), 

' Solar red ’ engine oil, 

■ Bayonne ^engine oil, 

! ‘ Speci:’! red’ engine oil, . 

{ Medium (dark) machinery oil, . 

‘ Galena’ axle oil, .... 
Heavy (pale) machinery oil, 

Filtered cylinder oil Valvoline ’), . 

M ,» ». (‘F.F.F.’). 

Lark cylinder oil (‘A’), . . • , 

,. j. M (‘N ; ■ 

,, (‘Locomotive’), 

Dark filtered cylinder oil (‘ N ’ ), 

0-88436 

0-86766 

0-iK)082 

0-88019 

0-90540 

0-91620 

0-91132 

0 93493 
0-88390 
0-90790 
0*90124 
0-88916 

T) -88982 
0-89908 
’ 0-89832 
0-89974 
0-90942 

0-82978 

0-81384 

.0-84694 

0-82726 

0-85258 

0-86242 

0-8.5790 

0 88172 
0-82910 
0-85552 
0-84930 
0-83769 
0-83932 
0-84414 

0 84440 
0-84732 
0-85556 

0*000.359 

0-000354 

0-000354 

0-000348 

0-000347 

0-000354 

0-006351 

0 0003.M) 

0-000361 

0-000345 

0*000342 

0-000338 ‘ 

0-000332 

0-000361 

0-000361 

0*000345 

0*000354 

0-000647 
0*000638 
0-000638 
0-000627 
0-000626 
0-000f537 
0-000633 
0-000630 
0-000649 
0*000621 
0-000616 
» 0-000609 
0-000598 
0-000651 
0-000050 
0-000621 
0-000637 

. 


Average 

0-00QJ50 

• 

0-000631 
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Table XLT I.— Specific Gravities at 60" F. (15*5“ C.) of some Fixed 
Oils, Fats, Waxes, etc. 


Class. 

Name Oil, etc. 

i SpeciAc Gravity 

1 at 60 " F. 

Vt'Ketable Nou-dryinif 
Oils and Fats 

Olive oil, . . ... 

Olive kernel oil, ..... 

Hazel nut oil, ..... 

Ben oil, ....... 

Araeliis (earthnut) oil, .... 

Castor oil, ... . . 

Japan wax, ...... 

(’oeonutoil (neutral), . . . . 

I'almiiut oil ( . 

Palm oil 

Cottonseed stearin, .... 

f 0-914 -0*917 
\ Rarely 0*918 

0 918 -0 919 
0*915 -0*917 
0*9l‘i -0*920 

0*911 -0*926 
0*959 -0 968 
0*970 0*992 

0 959 

0*978 

0*921 -0*925 
0*919 -0-923 

Vegetable Semi-drying 
Oils. 

Rape oil, ..... 

Kavison oil, ...... 

Mustard oil (white), .... 

„ „ (black) 

Curcas oil, . . ... 

Cottonseed oil, ..... 

Sesamd oil, ...... 

Brazil nut oil, ..... 

Beech nut oil, . . . . 

Maize oil, 

Caineline oil, ..... 

0-91*32 0*9165 
0*918-0*922 

0*913 0*916 

0*916 -0*919 

0*919 -0*921 

0 921 -0 926 

0‘923 -0*920 

0*918 -0*919 

0 920 0*9*23 

0*921 -0*928 
0*020 -0-9-26 

Vegetable Drying Oils. 

Linseed oil, . . . • 

Hemps^ed oil, . . W . 

Poppyseed oil, 

Walnut oil, ...... 

Nigerseed oil, 

Sunflower oil, ..... 

0*931 -0 938 

0*925 -0*931 
()*9'24 -0*927 

0*925 -0 927 

0*925 -0*928 

0 924 -0 *926 

Animal Oils and Fats. 

1 

Neatsfoot oil, 

Lard oil, ..... 

Horsefoot oil, 

Tallow (mutton), 

,, (beef), 

Bone fat, ...... 

Lard, .... . , ; 

Horse fat. 

0*914 --0*919 

1 0*913 -0*919 

0-920 -0 927 

0*937 -0*963 

0*943 -0 9.53 

0 914 -0*016 

0*931 -0 938 

0*916 -0*922 

Marine Animal Oils 
and Fluid Waxes. 

Sperm oils (Southern and Arctic), 

Porpoise jaw oil, ..... 
Porpoise body oil, . . . . ! 

DoliJiin body oil, ..... 

Whale oil 

Seal oil, 

Cod liver oil,. ..... 

Other fish liver oils. 

Menhaden oil. 

Sardine (including Japan Ash) oil, . 

0*879 -0-884 

0-926 

0-926 -0-936 

0-927 

0 916 -0-927 

0-924 0-9*27 

0*922 0*933 

0*910 -0*931 

0*9*27 t) 933 

0*916 0-934 

Waxes (solid). 

1- 

Wool fat, cru'^e (18-4;?. free fatty acids), . 

f. » (neutral), 

Spermaceti, ... 

Beeswax, . . . ! 

Cariiauba wax, ..... 

0*«¥.9 

0 9.54 

n-9<'5 0-960 

O-O.'iO -976 

0-990 -0*999 

Blown Oili). 

Blown rape and rav^soii oils. 

Blown cottonseed oil (‘ Lardine ’), 

- _ 

0 955 -0*972 
[ ym -0*986 

« 

Miscellaneous. 

Vaseline, ...... 

ParaAln wax (according to melting point) 
Ccrasin (reAned ozokent) 

Colophony, . . 

0*851^909 
0*824^940 
0-918 -0*922 

1*046 -1*108 

t 

« 
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Table XLI.— Table bhowinq the Alteration in Lijnsity of 
Lubricating Oils caused by Rise of Temperature {Archhutt). 


Description of Oil. 

Density at 

DilTertnce per One 
Degree. 

«(»■’ F. 
15-5^ C 

212“ F. 

100 " c. 

Fahr. 

Cent. 

Animof and Vrtfetahlc Oils. 

Hpcrm oil, 

Olive oil, 

Ka])e oil 

Tallow 

Castor oil 

Neutral wool lat, 

0 •87828 
0-91.586 
0-91506 
0-87840 
at 160" F. 

0 96240 
0-91370 

0-82290 

0-85962 

0-8.5948 

0*85572 

0*90500 

0-89092 

0 -000364 
0-000370 
0-000365 
0-000366 

0*000378 

0-000367 

0-000656 

0-000666 

0*000659 

0-000680 

0*000659 

0-000660 



Average 

0-000368 

0-000663 

Scotch Mineral OHs. 

‘81)5.’ 

‘MM/ . ... 

0-86826 

0-89054 

0*81160 

0-8356J 

0-000373 

0-000361 

0-000671 

0-000651 



Average 

0-O00367 

0-000661 

Galician Mineral Oils. 

Light (pale) machinery oil, 

Heavy (pale) iimchiiiery oil, 

0-88854 

0-89610 

0-83388 

0-84322 

0-000359 

0-000348 

0-000646 

0 0006-26 



Average 

6*000354 

0-000636 

Russian Mineral Oih^ 

Light machinery and spiudle oil, 
Medium (pale) machinery oil, 

1 leavy (pale) engine and niachinei y oil, 
Heavy (dark) axle oil, . . 

Extra heavy (pale) engine and 
machinery oil, .... 

0*89782 

0-90960 

0-908.50 

0-90930 

0-90852 

0*84420 

0-8.5684 

1 0-85682 
0-85692 

0-85682 

0-000353 

0*000347 

0*000340 

0-600344 

0-000340 

0-000635 

0-000625 

0-000612 

0-000619 

0*000612 



Average 

0-000345 

0-000620 

Amerimn Mineral Oils 

Spindle oil (‘ Pale 885 '), . 

„ „ (■ Pale 860/70 ')j^^ . 

Light machinery oil (* 900/7 ') . 

‘Globe’ oil (dark) 

Light machinery oil (‘ 90.5/10 ’), 

' Solar red ’ engine oil, 

■ Bayonne ^engine oil, 

! ‘ Speci:’! red’ engine oil, . 

{ Medium (dark) machinery oil, . 

‘ Galena’ axle oil, .... 
Heavy (pale) machinery oil, 

Filtered cylinder oil Valvoline ’), . 

M ,» ». (‘F.F.F.’). 

Lark cylinder oil (‘A’), . . • , 

,. j. M (‘N ; ■ 

,, (‘Locomotive’), 

Dark filtered cylinder oil (‘ N ’ ), 

0-88436 

0-86766 

0-iK)082 

0-88019 

0-90540 

0-91620 

0-91132 

0 93493 
0-88390 
0-90790 
0*90124 
0-88916 

T) -88982 
0-89908 
’ 0-89832 
0-89974 
0-90942 

0-82978 

0-81384 

.0-84694 

0-82726 

0-85258 

0-86242 

0-8.5790 

0 88172 
0-82910 
0-85552 
0-84930 
0-83769 
0-83932 
0-84414 

0 84440 
0-84732 
0-85556 

0*000.359 

0-000354 

0-000354 

0-000348 

0-000347 

0-000354 

0-006351 

0 0003.M) 

0-000361 

0-000345 

0*000342 

0-000338 ‘ 

0-000332 

0-000361 

0-000361 

0*000345 

0*000354 

0-000647 
0*000638 
0-000638 
0-000627 
0-000626 
0-000f537 
0-000633 
0-000630 
0-000649 
0*000621 
0-000616 
» 0-000609 
0-000598 
0-000651 
0-000050 
0-000621 
0-000637 

. 


Average 

0-00QJ50 

• 

0-000631 
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C.— FLASHING-POINT. 

All lubricating oils when sufficiently heated give off vapour. The 
\flashin<j-])omt ’ is the temperature at which the amount of vapour 
given off is sufficient to form an inflammable or mildly explosive mix- 
ture with the air over the surface of the oil, so that on the application 
of a flame the gaseous mixture ignites and burns with a momentary 
flash. As the temperature of the oil rises, more vapour is given oft’, 
and when the production of vapour is rapid enough to maintain a 
continuous flame, the oil takes fire and burns ; the temperature 
at which this occairs is called the ‘firing-point,’ ‘ fire-test,’ or ‘burning- 
point ’ of the oil. The determination of these points, more especially 
of the flashing-point, is of great importance in the examination of 
lubricating oils, because oils of low flashing-point are unsafe to use. 

An important diflereiKa; exists in the behaviour of the two classes 
of lubricating oils when heated. The fixed (animal and vegetable) 
oils do not evaporate, and no vapours are given ofl‘ (except, possibly, 
traces of moisture) on heating them, until the (uls begin to decompose ; 
the vapours then given off are products of the destructive distillation 
of the oil, which recpiires a fai’dy high temperature to bring it about, 
and consequently the flashing-points of such oils arc high (over 400" 
Fabr.). On the other hand, all mineral or hydrocarbon oils evaporate 
when heated, and the temperature at which^lifficicnt vapour is given 
off to cause a flash dcpeiids upon what hydrocarbons are contained in 
the oil. Mineral lubricating oils do not, as a rule, contain the more 
volatile hydrocarbons of petroleum, which belong properly to the 
naphtha and burning oil fractions, but ^natural ’ oils, and imperfectly 
refined oils, may give off vapour at temperatures low enough to be 
dangerous. 

Owing to improved methods of manufacture, and greater care in 
refining, low-flashing mineral oils are more rarely met with than 
formerly ; nevertheless, in textile mills, and wherever danger from fire 
has to be guarded against, the precaution of determining the flashing- 
point of the lubricating oil must never be neglected. In 1883, Veitch 
Wilson stated that he had met with one sample of oil offered for 
lubrication which flashed at the ordinary temperature of the atmos- 
phere, and several which flashed at 150" to 200" F. Ordway, who 
examined a large number of oils in actual use in cotton mills in the 
United States, found several which flashed at 180" F., and a larger 
number which flashed below 212" F. The use of such dangerous oils 
would not now be tolerated, and a flashing-point of 340"- 3 '4)" F. is 
regarded Jpy oil manufacturers, users, and insurance companies, as a 
standard of safety to which all oilsk for indoor machinery ought to 
attain. For outdoor machinery, a limited quantity of oil is still sold 
having a flashit^g-point of 200"-210" F. 

It is seldom necessary to determine the flashing-points of fited oils, 
but, as a ttieans of detecting or confirming adulteration with light 
mineral oil, test is ‘sometimes useful. 
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It is a TiSTial practice to determine the flashing-poiot of cylinder 
oils, on the ground that oils of high flash ing-p(*int may be expected 
to evaporate less in the cylinders than those of lower flashing-point. 
But there is no necessary relation between the flashing-point and the 
volatility of lubricating oils, and in coin]>aring together mineral oils 
of diflerent origin {e.g. Russian and Ainerican oils) the less volatile 
oil may even have the lower flashing-point (set; l\able XLVIl. on 
p. 194). In the authors’ opinion, the flashing-point of cylinder oils 
is a test which might with advantage be dispensed with and replaced 
by a quantitative determination of the amount lost by evaporation 
under definite conditions (see Volatility, p. 191). 

Determination of the Flashing-point. 

‘ Open Test.’ Flashing- and Firing-Points.— The method formerly 
used, and still preferred by some, foi* determining the flashing- and 
burning-points of lubricating oils, known as the ‘ open test,’ consists 
in heating some of the oil, in which the bulb of a thermometer is 
immersed, in a small open metallic cup, a porcelain crucible embedded 
in sand, or some e(pn valent conlrivam'c, and passing a small flame 
across the surface of the oil at frequent intervals. When the amount of 
vapour given off is enough to form an inflammable mixture with the air, 
a pale blue flash occurs on application of the test flame, and the tempera- 
ture at which this flash is first observed is the flasliing-jxflnt of the oil. 
To determine the firing-point, the testing is continued until on apply- 
ing the test flame to the surface of the oil it takes fire and burns 
continuously. 

‘ Closed Test.’ — A little experience is sufticient to show that the 
above rough method of determining the flashing-point is incapable of 
giving uniform results. The temperature at which the first flash is 
obtained depends upon the presence or absence of air cuV^eiits, the 
rate of heating, the size and shape of the vessel used, the distance of 
the test-flame from the oil surface, etc. One of the authors was 
among the first to abandon the ‘ open ’ in fa\()ur of the ‘ closed test,’ now 
almost universally employed for t(‘sting lubricating as well as burning 
oils. For this purpose a brass cup furnished with a close-fitting lid 
and slide (an exact copy of the Abel petroleum cup) was constructed 
with brazed joints, so as to withstand heating to a high temperature, 
and inste^^ of the outer water-bath a thick cast-iron cup on feet was 
made in which the test-cup fitted loosely. Heat was so applied to the 
oast-iron body as to cause the temperature of the oil to rise rapidly at 
first, and when near the flashing-point the rate of heating wa« reduced 
to about two degrees per minute, £fnd the gas testing- flame was applied 
every two degrees by opening Jhc slide, exactly as in the Abel test. 
Improve^ forms of apparatus have since been devised 4)y Pensky and 
Martens and by Gray, in which the important addition of a stirrer has 
been introduced, which enables the heating of the oil to be conducted 
much more rapidly without impairing the uniformity ofT^e results. 
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The Pensky-Martens Test Apparatus. — This apparatus, sliown in fig. 59, 
consists of tlie brass cup, A, with flange B, which drops loosely into the 
cast-iron l)ody, C, the flange resting upon the dome-shaped brass shield, D. 
The position of the cup is fixed by studs, EE, which engage in slots in the 
flange. The cup has a close-fitting lid with a revolving perforated slide 
actuated by the spring lever II, by turning which the openings in the 
slide are brought over corresponding openings in the lid, and the little gas 

testing-flame is at the same 
time caused to dip through 
the central opening into the 
air-space above tl’e oil in 
the cup, igniting the mix- 
ture of air and vapour as 
soon as it becomes in- 
flammable. The lid also 
carries the stirrer S, with 
two sets of vanes, one in 
the od and the other in 
the air space ; also the 
thermometer, 

In making a test, the cup 
is jdaced upon a level sur- 
face and filled with oil to 
the mark ; it is then placed 
in the test-apparatus, and 
^le lid is put on. The 
small test-flame having been 
lighted and turned down 
until the luniinous tip has 
almost disappeared, the oil 
is gradually heated up by 
means of the burner K, the 
wire net, L, being swung 
out of the way. The flame 
at first used is large enough 
to heat the oil rapidly, but 
as soon as the test-flame 
when lowered into the cup 
shows a tendency to enlarge, 
the heat is moderated and 
the wire net may be swung 
over the flame. The stirrer is now worked so as to keep the oil as well as 
the vapour and air thoroughly mixed, and the test-flame is applied at every 
two degrees’ rise of temperature, until the flashing-point is reached. The 
temperature of the oil towards the end of the experiment maw rise at the 
rate of 10 degrees 0. per minute (see below), so long afi the oil is kept 
thoroughly stirred, but the stirrer must not he worked while the. t/^st-flame 
is being applied. The application of the flame should oc(‘U])y about two 
seconds, three half-seconds being ocqipied in opening the slide and the 
remaining half-second in closing it. Oils containing water must be dried 
by filtering threugh dry filter paper or a«column of coarsely -crushed calcium 
chloride before being tested, as the presence of much moisture dSwses very 
irregular and incorrect results to be obtained. 

lis apparatus has been subjected to an elaborate series of tests by Holde. 
By making ideated tests witli oils of different flashing-points, he has shown 



Fig. 69. 
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that rapid heating with eontiiniouR, vigorous stirring, gives the same results 
as slow heating without stirring, and wlien testing the same oil several times 
llie results agreed within 2 or 3 degrees C. (3-i“ F.), ev m when the 

thermometer rose as rajiidly as 10" C. ( = 18" F.)*^i)er jiimute towards the end 
of the ex])eriment. According to Ilolde, a ri!?h in temperature of 12“ C. 
( = 22" Falir.) jier minute is permissible. The size of the testing-flame does 
not influence the result ajijireciahly, but it is not desirable to use too large 
a flame, otherwise the flash may not be jflainly geen. Filling the oil holder 
above the mark, and so reducing the air solace, tends to lower the flashing- 
])oint. Thus, Hohh* found that wilh an oil flashing at about 155“ C. 
( = 31 r the mean flashing-point differed 4" C. ( = 7‘2“ F.) according to 
whether the ciij) was filled 1 cm. below or 1 cm. above the mark. Accord- 
ingly it has been proposed by Aisininann’ that as an oil of high flashing- 
point will expand during the test moie than an oil of low flashing-point, the 
cu]) should not he filled to the same mark with all oils, but the quantity 
usetl should he such as will by expansion have reached to the mark at the 
flashing-point. Thus, taking 0*00008 (per 1“ CJ.) as the coefficient of 
expansion of Russian lubricating oils, the total expansion per 75 c.c. of oil 
(the (juantity used in the Martens cu])) is 0*5 c.c. per 10“ C. Therefore, the 
quantity of oil to be used in c>rder to ascertain the oorrect flashing-point of 
an oil flashing at, say, 200" (1. should be, according to Aisir.mann, not 75 c.c., 
but (at an initial temperature of 20“ C.) -- 


200 - 20 
If) 


X 0*5 — GO C.C. 


Correcting the 
results 


volume 111 this way, Aisinmann ohiained 
Tablk XLVI. 


the following 


tTRUiil Volume. [ Corrected Volume II eduction in 

' Difference Volume of 

' C. Oil used. 

Flasliiug-point " C. 


151“ 

1 53" 

1 54“ 

2*5“ 

6'55 

193“ 

200^ 

1 200“ 

7-0“ 

8-65 

257“ 

2(>(i'' 

1 

i 2(i8“ 

268" ]()*3“ 

1 

11*85 


To adopt Aisiniiiann’s j)ro]'-i)sal would greatly increase the labour of 
determining the flashing-point, without any equivalent advantage. The 
test, however performed, is an empirical one, and all that is required is the 
adopfai n oT a uniform system of testing, so that disputes between manu- 
facturers and users maybe aviuded. The principal object of determining 
th(j flashing-point is the detection of dangerous and wastefiilly volatile oils, 
and from this point of view the" meljiod of testing which gives ^he lowest 
re.sult is to he preferred. 

Holde^ has since published fiirlter exjieriments showing that with oils 
flashing l^o tween 172“ and 241“ C. (342“ and 466“ F.) a varmtion of even as 
much as 13 c.c. below the normal filling of the cup does not alter the 
flashing-point more than ]“-l*5“ C. (l*8“-2'7“ F.). 

^ Jour, Soc, Chem, Ind,f xiv. (1895), p. 284. ** Ibid., xvi, p. 322. 
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Gray’s Test Apparatus. — Tliis (fig. 60) is an adaptation of the Pensky- 
Martoiis revolving slide and stirrer to tlie Abel cup. The inventor states ^ 
that in working witli the Pensky apmratus he found the results under 
varied conditions to be excellent, and was struck vdth the idea that the 
instriunent might be .simplified and made more suitable for every-day work 
in the technical laboratory. He therefore devised a modified apparatus, 
which is thus described 

“The stirrers, consisting of two sets of vanes, one in the oil and the 



Fig. 60. —Gray’s Tester. 


other in the vapour space, are atta^'lied to a vertical shaft passing thiough 
the cover and terminating at the top in a small l)evelled wheel, the bevel 
of which is milled. A horizontal shaft (carried on two supports) .enuumtos 
at one end with a bevelled wheel, gearing with the one on the si ;r»’er shaft, 
,and at the other end with a disc carpdnga small handle with which to 
rotate the shaft. This shaft also carries a collar with two pins projecting 
about i in. at diametrically opposite pctiiits. By sliding the snatt slightly 
to the right, the^)evel wheels are put out of gear, and tlie piiis 'projecting 
from the collar are drawn into position for actuating the testing arrange- 
ment. '’ITiis consists of a sliding c.over on the top of the lid proper, so 

JoU/T, Soc. Chem. x. (1691), pi 348. 
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arranged tliat when the former is moved it depresses the test liglit to the 
projx*.r point, and brings the orifices o]>pofeite tliose on ihe fixect lid. I’liere 
are three orifices, one, at which the test light is ajiplied, the otlier two, 
situated one at either side of it, being for the admission of air. Tt will thus 
be readily seen that the change from stirring to testing, and Hce versa, can 
be instantly performed. 

“The results obtained by this apparatus are identiciil with those obtained 
by the Pcnsky-Martens. They are not affected by the source of heat, a 
aaked flame giving the same results as the sand bath. It is immaterial 
what tlie rate of lieating is, provided it is not too rapid to prevent a correct 
[■eading o^the thermometer. I prefer to reduce the rate of heating when 
aearing the point at which the oil is expected to flash. The stirrers do not 
[■equire to be worked continuously, but merely at intervals. I find it 
idvisable to stir more freipiently when the rate of heating is fast.” 

In the latest form of this apfiaratus, the oil-cup does not fit directly into 
die tripod stand, as shown in the figure, but into a cast-iron vessel which is 
;u})])orted on the tripod, somewhat after the same manner as in the Pensky- 
Martens ajqiaratus. 


L).— VOLATILITY. 

The property of being volatile or capable of evaporating without 
lecomposition disiingiiish(*!s the hydrocarbon oils from the fixed oils, 
uit the temperature at which evaporation takes place depends upon 
die nature of the hydrocarbons contained in the oil. In any case the 
)il does not evaporate unchanged, for those hydroear oons which are 
nost volatile pass oft‘ first, leaving the less volatile hydrocarbons as a 
noro or less viscid residue.^ If the oil be a mixed one, the fatty 
joinponent remains I'dso, and the composition and character of the 
iriginal oil may thus become entirely changed. The best qualities of 
nachiiic oil scarcely evaporate in use, but at the high working tem- 
)eraturcs of steam-cylinders all mineral lubricating oils evaporate, 
t is obvious that an oil which evaporates to a serious exten’ at the 
vorking temperature cannot be an economical lubricant, since all that 
ivaporates is lost and the remainder may form a viscid or even a dry 
esidue on the bearing. Notwithstanding its importance, this pro- 
>erty of lubricating oils seldom receives the attention it deserves, a 
ligh, flashing- point being generally regarded as sufficient evidence of 
he durability of even cylinder oil. Veitch Wilson long ago called 
ttention to this anomaly, pointing out that the significance attached 
o the flashing-point should be limited to what it really indicates, 
iz., the relative safety of an (^il, whilst the tendency to evaporate 
hould be ascertained by measuring the actual loss of weight under 
efinito conditions of time and .temperature. 

Determination of Volatility.-— me usual method of determining 
he volatility of mineral lubricatiiig oil is to place a >veighed quantity, 
'•5-l'0 grm., in a shallow dish or \vatch glass and expose it in a 
^ater- or air-oven for a certain number of hours, noting the loss of 
weight. Veitch Wilson states that machine oils when exposed in 
^ At temperatures above 200° C. the heavy hydrocarbons decor^pose. 



192 


LUBRICATION AND LUBRICANTS. 


thin manner for ten hours at the temperature of th(^ ordinary water- 
oven (about 212“ K.) should not lose weight, whilst Hurst states that 
the loss in twenty-foui hours should not exceed 0’25 to 0*5 per (lent. 
Cylinder oils are tested similarly in an air-oven heated to the tem- 
perature of the steam cylinder. 

Archbutt has jjoiiited out that the loss of weight sustained by an 
oil when tested in this maimer must depend upon the number of times 
the air of the ov'en is changed during the test, and he has proposed 
the following method of testing in which the receptacle containing 
the oil is heated in a tube to a known temperature whilst a current of 
air heated to the same temperature is passed over the oil. 



Fio. 81. 


Archbutt’s Vaporimeter (fig. 61) consistB of a straight cojiper tube, J inch 
in internal diameter and 1 or 2 feet long, having a branch tube ^ inch in 
diameter and about 10 feet long, brazed into it near one end and coiled 
around the straight tube as shown m the figure. This tube and coil are 
fixed in a rectangular air-oven made of tinned sheet iron, the sides and top 
of which are covered with asbestos millboard. The oven is <ieated by a 
row of small gas jets, and a thermometer is fixed with its bulb close to the 
middle of the wide copper tulxj. The ends of this tube win h project 
beyond the oven are closed by brass screw jcaps, one of which, at the air-exit 
end, is jierforated and carries a nariDw tube in the centre Air or steam 
admitted to the coiled tube, after hccoming heated in the coil to the 
teniparature oi^the oven, passes over tlTe oil in the wide tube and escapes 
througli the short tube in the ca]>. The oil is contained in a jilatinum tray, 
3 in. long by J in, wide by | in. deep, which for coiivenienct^ of manipula* 
tion H placed in a glass tube which just slides easily within the copper tube 
and serves Cs a carrier. 
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The current of air is maintained at the constant speed of 2 litres per 
minute bv means of the simple regulator shown in fig. 62 "’.Oie air enters 
the regulator at A, and a slight excess is kept continually eac iping at the 
lower end of the wide tube B, which is immersed to the depth of 3 inches 
in water. The sup,tly is Liken from the branch C, the orifice of which is 
reduced until just large enough to 
pass 2 litres ])er minute against at- 
mospheric pressure under the 3 
inches head of water.’ 

The rpiantity of oil used for a test 
is 0'5 gm^j which forms a thin layer 
on the botb.ni of the platinum tray, 
and the oil is exjiosed to the air- 
current for exactly one hour. The 
temjierature of the oven is varied 
to suit the reipiirements of the tost. 

For cylindcis working at 160 lbs. 
pressure ])er sip in., the oil is tested 
at 370° F,, and should not lose more 
than from 0*5 to 1 per cent, in weight 
in the lime s]>ecified (one hour). At 
400° F. ( — 235 lbs pressure) the loss 
of weight of cylinder oils is about two 
and a half times as great as at 370° F. 

If it lie desired to use a current 
of steam instead of air, the inlet 
end of the vaporiirieter is connected 
to a flask or boiler, and the outlet 
to a condenser. The gas flame 
under the boiler is regulated so as 
to distil a definite quantity of water 
in the hour, 100 c.c. being a con- 
venient volume, though 92 c.c. is 
the volume required to give a cur- 
rent of steam neaily equal to the 
above-mentioned air current. The 
boiler is detached, all the steam is 
blown out of the tube, and the 
platinum tray containing the oil is 
inserted. After waiting a few 
minutes for the tray of oil to becomt; heated up, the steam current is turned 
on. * If the tray be inserted without first blowing out the steam, water con- 
denses upon the tray, the oil creeps over the edge, and the test is sjioiled. 

The figures in the following table show the kind of results obtained 
by thii test. All the samples of oil tested were pure mineral oils, 
the first three being described as cylinder oils, and the last two as 
machine oils. 

' This is done by coiineoting the '’xit-tubo C, by means of a flexible tube and 
cork, to the neck of a bell -jar of knowh capacity, full of water, sgnk in a bucket 
of water. As the air passes into the bell-jar, the latter is gradually raised so as 
to maintain the same water level within and without the jar, and the orifice of 
, the branch C is made of such dimensions as will allow the jar to fill in the 
calculated time. 
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Table XLVII. — Flashing-points and Volatility Compared. 



- 


Flashing- 

Lobs of Weight in 
One If our at 370“ F. 

No. 

Description. 

Sp. Or. 
at 

60" F. 

Point 

(Pensky* 

Martens) 

F. 

In Air ; 12 
Litres per 
ininutc. 

In Steam ; 
100 c.e. of 
Water 
condensed 
per hour. 

1 

American cylinder oil, . 

0-902 

685" 

Per cent. 
0-12 

Per cent 

2 

j) >j « 

0-898 

512° 1 

o o 

0-70 

()-4G 

0-68 

3 

r jj ji 

0-893 

424° ! 

4-18 


4 

American machine oil, 

0-897 

402° 1 

H)-8 j 
10-3 t 

18-1 

17-0 

5 

Russian machine oil, . 

0-909 

. ! 

380° 1 j 

! ^ 

14-7 j 
I4‘3 \ 

16-0 

16-7 


As the volume of steam passed over thc^ils in these exj)eriments 
was about 8 per cent; in excess of the volume of air, the figures in the 
last two columiis arc not comparable. But, if we assume the rate of 
evaporation to have been proportional to the volume of steam, and 
correct the results accordingly, the following numbers are obtained, 
which agree so closely as to show that the rate of evaporation in both 
steam and air is the same. 


Average Loss per cent. 

j No. 2. 

No. 4. 

No. 5. 

In air current, .... 

0-56 

10-55 

14-60 

In steam current of same volume I 

0-57 

1 

16-32 

15'()4 

(calculated), . . . . j 


It is evident that no simple relation exists between the volatility of 
an oil and the flashing-point. It is true of the four Americ ui oils that 
as the flashing-point falls the volatility increases; but the Russian 
oil flashing at 380° lost less by eyaporation than the American oil 
flashing at 402°. The two oils flashing at over 500° F. both lost 
less than 0*6.p,er cent., though there is a difference of 73° F. in their 
flashing-points ; on the other hand, No. 3, which flashed 88° F. below 
No.. 2, lost over 4 per cent., and No. 4, which flashed at only 22° F. 
lower still, lost over nor cent. fFor Romfi furthpr rAsnlfa aoA -n 511 n \ 
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E.— SETTING-POINT OR COLD TEST OF LUBRICATING 
OILS. 


Tlie effect of cold upon lubricating oils is not the same as upon 
siinjde ffuids such as water, glycerin, etc. Tlu’ latter have fixe*d and 
accurately ascertainable freezing-points, at which a c()inj)lete change 
from the liquid to the solid state takes place, but lubricating oils, 
which arc mixtures of bodies of various melting-points, behave like 
solutions, and fre(piently deposit some portion of their constituents 
before tho whole mixture solidifies. Thus, olive and lard oils deposit 
a solid fat, sperm oil deposits spermaceti, and some hydrocarbon oils 
deposit paraffin. The ‘ setting-point ’ of an oil will, therefore, vary 
according to wdiether it be regarded as the tempei’ature at which solid 
matter commences to separate, or the temperature at which the oil 
completely loses its fluidity. The setting-point of Scotch mineral oils 
is considered to he the temperature at which the separation of solid 
paraffin is observed to commence ; but Russian oils, some p.‘ile 
American oils of high viscosity, and all dark-coloured or opaque oils, 
which either deposit no })arattin or in which the separation cannot be 
seen, are considered to have reached their setting-point when they 
cease to flow. The low setting-points of Russia)) and of some 
American lubricating oils, which deposit little or no paraffin, is 
characteristic*, and servos to distinguish them from most of the 
American and from the Scotch oils ; Russian oils, when cooled, simply 
become more and more viscous until the setting-point is reached. 
Among vegetable lubricating oils, castor and almond oils have the 
lowest solidifyiiig-j)oints. 

Very erroneous conclusions regarding the setting-^x)int of an oil 
may be formed unless sufficient time be allowed in making the test. 
This is especially true of fixed oils. Thus Salkowsky ’ found that a 
cod-liver oil, which remained perfectly clear when cooled fv r a short 
time to - 15“ C., became quite solid after several lioui*8’ exposure to 
- 4“ C. The subject has been more fully investigated by Holde.^ 
Tho solidification of such oils is promoted by stirri))g, and by adding 
to the fluid oil a fragmoit of tlie. same oil in a frozen state. Mineral 
oils^assume their pei'uianoit state for any given temj)eraturc much 
more rapidly than the lixed oils, and, except when testing by the 
Scotch method (see below), they sb.ould not be stirred, as the net- 
work of sqjid hydrocarbons, which sometimes causes such oils to set 
before they have wholly solidified, is broken up by the stirring, and 
the setting-point is thereby low'cred. Mineral lubricating oils fre- 
quently undergo a change \-\ their solidifying points by previous 
heating, and it is, therefore, important that tho portion used for the 
sc- 1 ting-point determination should not have been recently used for 
any other test which has involved heating above th# atmospheric 
temperature. 


^ Jour. Soc. 


Ghem. 


Ind., vii. (1888), p. 37. 
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Determination of the Setting-Point. — The Scotch Method for aHcertaining 
tlie tomperature at wliich a niineral oil coinineiic-es to deposit paraffin is as 
follows* The oil is ponred to the depth of about 2 inches into a thick- 
walled test-tube about 1] inclics in diameter, and the tni)c is immersed in a 
freezing mixture and slowly stirred I y a thermometer until it has been 
cooled down considerably ladow the temperature at whicli solid paraffin first 
appears. The t ube is then removed from the freezing-mixture, wijied, and 
held up between the eye and a window, and, whilst the oil is constantly 
stirred wdth the thermornetor, the temperature at which the last trace of 
solid paraffin disapjiears is read oil'. 'I'his operation is repeated with the 
same sample of oil until two experiments give concordant results, and 
the temperature so found is the setting-point of the sample. 

Archbutt’s Method for determining, ai^proximately, the temperature at 
which an oil ceases to flow is carrieil out in a refrigerator (fig. 6B), consisting 




of a cylindrical leaden jar A, 6 inches in diameter and 14 indies in depth, 
with a flat bottom, contoined in a wooden box B, measuring 12 inches 
square inside and 20 inches deep. The space between the leaden jar and 
tlic box is filled with dry cotton waste ; 3 inches of waste nre placed below 
the jar, and the top of the jar is covered by a loose wooden lid on whi^h a 
layer of cotton waste i^ jdaced. The box has a hinged lid. The oils to be 
tested are poured to the depth of about 2 inches into glass specimen tubes 
measuring 6 imdits in length by about | inch in internal diameter, and 
the tubes are corked. A similar tube containing RiiK.sian luK’icating oil 
of low viscosity and setting-point is used to contain the therm oineter, \diich 
is passed throngb a perforation in the cork and has its bulb immersed in 
the oil. ^ 

About 3 inches in depth of crushedtice having been placed in the jar, the 
tubes of oil are imniereed in the ice and left Uiere for at leiwl one hour. 
They arc then token out one by one and examined, and any oils which will 
not flow when tne tube is held in a horizontal position and lightly tapped 
on tlie box are reported as having set in ice, or are placed aside for furtner 

* Jo^T. lH9c. Chem. Itid. (x.), 1891^347. 
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experiment. The reruaiTuler are returned to the ice after this has heen mixed, 
by thorough stirring, witli sufficient powdered salt to lowe^ the temj>erature 
about 5*" P. The quantity to add is soon learned l>y experience. After 
twenty minutes’ exposure to the lower temperature the tubes are again 
examined, any oils \Amih liave now set are taken out, and the temperature 
is read off on the thermometer. The addition of salt is repeated, and the 
gradual lowering of temperature with examination of the oils every twenty 
minutes is continued until the last oil has set, or until the temperature can 
be reduced no further. Tn this \vay the setting-point of an oil is ascertained 
within 5" P\ A c,loser approximation can be made, if desired, by a second 
experiment, in which the temperature, when near the setting-point, is more 
gradually lowered. The setting-points of oils which solidify at temperatures 
above tliat of melting ice may be ascertained by jilaciiig the tubes in water 
at the temperature of the laboratory, and then gradually lowering the 
temperature of this water by the addition of small quantities of ice until 
the setting-point of the oil has been reached. Animal and vegetable oils 
must be stirred frequently, and the lowering of the temperature must be 
more gradual than in the c-ase <if mineral oils. 

Hofmeiflters Method. — The spechd feature of this method is the use, as 
freezing liquids, of saline solutions of such strength that they are saturated 
at their ircezing-jK)ints ; such solutions when partiaby frozen remain 
constant in temperature until they have become entirely liquefied or solidi- 
fied, and are thus very convenient for keeping the temperature of an oil 
constant for a length of time. The following solutions may be used : — 


TAiJiiK XLVIIl. -Salink Freezing SoiiimoNB. 


Salt 


Potassium sulphate, . 
Sodium carbonate crystals, 
Potassium nitrate, . 
Potassium nitrate, 

Sodium chloride. 

Barium chloride, 
Potassium chloride, 
Ammonium chloride, 
Ammonium nitrate, . 

I Sodium nitrate, 

I Sodium ckloride. 


Freezing-]>oint» of the 


1 rurtsofSati 
i per 100 parts 

Solutions. 

j of Water. 

Fahr 

Cent. 

10 


- 

1 20 

28*4'’ 

- 2*0° 

1.3 

26-9‘^ 

- 2-85° 

13 1 

33 i \ 

23-0'^ 

- 5-0“ 

3.5-B 

16*3“ 

- 8-7° 

30 i 

12-4° 

- 10*9“ 

i 25 

4-3“ 

- 15*4" 

I 45 

1-85“ 

-16-7.V 

i 60 

0-05'^ j 

-17-75‘' 

1 33 

- 4-3 ! 

! 

-21 ’30” 


i 


A solution selected from the .j.bovc list is placed in the vessel % (ffg. 64), 
and about 4 «*.c. of the oil to be tested are placed in one of the tubes h 
in mersed in the solution. A freezing-mixture of ice and salt is placed in 
tlie outer vessel b. As soon as llif: timperatnre of the sqlution in a lias 
fallen to its freezing point, if it does not commence to crystmlize it is caused 
to do so by stirring, or by dropping in a small portion of the same solution 
which has been previomuy frozen in a test-tube. The temperature of the 
liquid ill a, and therefore of the oils in tubes A/i, will now ren%iin constant 
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so long as the linuid remains only partially frozen, and to maintain it in 
this condition and prevent complete solidification from taking place, all that 
is necessary is to lift the vessel, a, out of the freezing mixture, occaaionally, for 
a few minutes. After the la])se of (uie or two hours, the tubers of oil are lifted 
out of the bath, and any oils which d(' not flow on inclining tlie tubes are 



Fm. 64. 


considered to have .set at the temperature of tlH bath. The remainder are 
then tested in a solution freezing at a lower temperature. The standard 
liquids are preserved for use in stoppered bottles. This is a scientific method 
for determining accurately the effect on oils of prolonged exposure at low 
temperatures. 



Fig. 65. 


Schultz’a Method. -In this methoif, u.sed in Germany, the oil is cooled 
until of .such consistenev that when .sulyected to a fixed pre.ssure in a tube of 
specified diamdter it will flow at a definite minimum sjxed. The oil to be 
tested is introduced into a glas.s U*tube, G mm. in internal diameter, which 
is filled to depth of 30 cm. in each limb. Several such tulies, supported 
by a Buitab^ stand, may bo-cooled together in a boUition of known freezing- 
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point, as in Hofmeister’s method, the time of cooling being one hour. Each 
tiihc in succession is tlien connected hy its longer Jinib with a manometer, 
and by opening a pinch-cock a ]:)res3ure equal to 00 mni. of w ater is caused 
to act u})on tlie oil. The specification of the Pi'iissian State Railways 
stipulates that the oil when tiius tested after cooling for one hour at a tem- 
perature of - 15" C. in winter, or - 5" G. in summer, must flow in the tube 
at a minimum rate of 10 mm. per minute. 

Tagliabue's Standard Oil Freezer (fig. 65), used in the United States, is 
semicircular in shape, with a flat side. It consists of an inner chamber F, 
surroumled by an ice-chamber C, with a non-conducting jacket A, filled with 
asbestos. The oil is contained in a glass cup, 4 inches in depth and 3 inches 
in diameter, which is fixed ujion a rocking shaft by means of which the cup 
can be tilted and the condition of the oil seen. A thermometer is immersed 
in the oil, and two others register the temperature of the ice-chamber. Two 
stopcocks connected to the inner chamber are for the introduction of warm 
air, if it is desired to raise the temjierature, and the tap at the side is foi 
draining away the liquefied ice. A glass window in the flat side enables the 
oil to be observed. 

Taule XLIX. — Freezing-points of some Vegetable and 
Animal Oils. 


Freezing-points. 


0 to 
-17 
-18 


-7 


Oil. 


Arachis (earthnut) oil, 
Beech nut oil, 

Cameline oil, 

Castor oil, . 

Cod-liver oil. 
Cottonseed oil, . 
Curcas oil, . 

Hempseed oil, 

Lard oil, 

Linseed oil. 

Maize oil, . 

Mustard oil (black), . 

- „ „ (white), . 

I Neatsfoot oil, 

Nigerseed oil, 

Olive oiJ, . 

Pop, ly seed oil, 

Por])oi8e oil. 

Rape oil, . 

Seal oil, 

Sesame oil, . 

Sperm oil (Sou. them 
and Arctic), 
Sunflower oil, 

Walnut oil, . 


+ 32 to +19-4 


I +14 to -0*4 

[ + 32 to +14 

+ 33*8 to +50 
I +37-4 

I 1 ietween + 5 and — 17*5 
+ 25 to +42 
I Between + 5 and - J 7*6 
i +14 to -4 

I I + 23 (/LoWc) 

1 \ -f-O'o (f'hateau) 

I +17*6 to +3*2 

+ 32 to +50 
' Beiow+15*H 
+ 39*2 to +21*2 
+ 3*2 to - 1-3 
+ 3*2 

+ 28*4 U) +10*4 
• + 28*4 to +26*0 
+ 2*^8 to +21 '2 

Xbout 32" 

+ 3*2 to -1*3 
Between + 5 and - 17*5 


- 10 to - 18 

0 to - 10 
+ 1 to + 10 
+ 3 

Between - 1 and - 27*5 

- 4 to - 5*5 

Between - 15 and - 27*5 
-10 to -20 

- 5 (Jfalde) 

- 17*5 {Chateau) 

- 8 to - 16 
Oto +10 
Below -9 

+ 4 uO — 6 
-16 to -18*5 
-16 

- 2 to - 12 

- 2 to 3 

- 4 to — 6 

•About 0" 

- 16 to - 18*5 
Between - 16 and - 27*5 

% 
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Table L.— Freezing-points of Mineral Lubrioating Oils, 

Desnription. ! Freezing-point, 

Al)out 32“ F. (Veiich WiUon). 

Very variable. Depcndn largely upon tlie amount of 
solid liydroctirboiis present. Winter macbinery oil 
generally sets at 25“ to 32“ F. ( - 4“ to 0“ C.) by Arch- 
butt’s method ; but oils which remain fluid at 0“ to 
10“ F. ( - 18“ to - 12“ C.) are met with. * 

Russian oils, . I'lie best qualities of refined machine oil do not cease 
to flow when cooled to zero Fahr. ( - 18° C.). 


F.— MELTING-POINTS OF FATS AND LTJBEICATING 
GEEASES. 

Melting and Solidifying Points of Fatty Acids. — In the melting of 
natural fats, mixed fatty acids, lubricating greases, etc., the same 
phenomena present themselves as are' observed in the setting or 
solidifying of oils, viz. : — that, as we are dealing with mixtures, the 
temperature of incipient fusion, at which son^ portion of the substance 
becomes fluid, and the^temperature of complete fusion, at which the 
whole has liquefied, are not, as a rule, the same. It has also been 
observed that the melting-points of fats and fatty acids may be pro- 
foundly modified by previous heating of the melted substance. Thus, 
Clague 1 found that the melting-point of cacao-butter, originally 75* F., 
was raised to 86“ F. liy keeping the melted fat at a temperature 
just undef 100“ F. for two hours. A temporary change in the melting- 
point usually occurs imiucdiately after the substance has }>cen melted 
and re-solidified. Thus Bi^van ^ found that a crystallized fat obtained 
fi’om lard, which had been melted in a test-tube and then caused to 
solidify rapidly by chilling in cold water, rc-melted at a temperature 
about 15° below the first melting-point; on gradually raising the 
temperature, the fat re-solidified and regained its normal melting- 
point. In coiise(pieiice of such facts as the above, the temperatures 
recorded as the melting points of fats and fatty acids by different 
observers, using different methods of preparation and manipub .tion, 
unfortunately present discrepancies which will not be remoVt.'d until 
some uniform system of testing has been agreed iij)on. 

In the examination of lubricants, the object of a melting-point 
determinlition may be twofold. Firetly,*a knowledge of tlie melting- 
point of a fat or lubricating grease may be required for the purpose 
of ascertaining^its behaviour under tljt* practical conditions of lubrica- 
tion ; and secondly, the melting- or solidifying-point of a fatty acid 

* ’ Allen, ComL Org. AimJ., vol. iii. |»t. ii. p. 570. 

(lS93\ p. 286 


Scotch oils, 
AiiierkicUi oils, 
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or of a mixture of fatty acids may be required as a means of identifying 
the oil jor fat from which the fatty acid or mixture has been obtained. 

Preparation of the Substance. —Whatever method be employed, certain 
precautions must be observed in the preparation of the Substance, (diief of 
which are the following ; — 

(1) Except in the case of lubricating greases (‘solidified oils’) every trace 

of moisture present must be removed. Having melted the suhstance 
in the water-oven and allowed all visible water to settle out, the fat or 
oil is poured off, aud the remaining traces of moisture are got rid of 
either by filtering through dry filtcT jiaper or by further heating in 
The water-oven until a cold glas.s placed over the beaker no longer 
becomes dimmed by condensed water vajxnir. Lubricating greases, 
in which water may he jirescnt as an essential constituent, must, of 
course, be tested without any previous preparation. 

(2) In melting fats or fatty acids, previou.s to the determination of the 

melting-point, the l-eiinieratiire should not be raised higher, and the 
heating should not be continued longer, than is absolutely necessary. 

(3) Sudden clnlling to hasten re-solid ification must not he resorted to. 

The substance must he allowed to solidify naiurally. If the tempera- 
ture of the room he above tbc solidifyiiig-point, the substance should 
be placed in a sufficiently cool cujiboard or refrigciator, and after 
solidification has taken place, at least an hour or two, and in most 
cases from twelve to twenty-four liour.s, should be allowed to elapse 
before the deterniination of the melting-point is undertaken. 

Determination of Melting- and Solidifying-points. — Pohl’s Method.— By this 
method the tein})erature of iuciiuent fusion, at which a substance begins to 
melt, is determined. The bulb of a tliormoiiieter T (fig. 06) is dipjied into 
the melted substance and removed with a coating of the substance adhering 
bo it. After this has solidified, and has remained for a sufiicient length of 
time to ac(piire its normal melting-point, the thermometer is fixed, by means 
of a cork, in a long boiling-tube C, the bulb of the thermon eter being placed 
about ^ inch above the bottom of the tube. A groove is cut in the side of the 
cork for the escape of air. The tube is then suppoited in the clamp of a 
re,tort stand, about 1 inch above a disc of sheet iron or asbest^j, which is 
heated by means of a small flame so that the temperature rises very 
gradually. The moment a droji of liquefied fat is observed to collect at 
the lower part of the therinoiinder bulb, the temperature is read off and is 
recorded as the luelting-jioint. This is u very good method lor tlie examina- 
tion of t^illow aud otlier fats. 

Siock’s Method for Greases.— Thv following modification of Ikilil’s method 
lias been recommended by Stock for ascertaining the melting-points of soap- 
thickened oils.^ A clean, narrow tert-tuhe is fitted over the lower end of a 
tlieriiiometgr, by means of a band of stout indiarnbber-tiibing, the annular 
space b tween the walls of tlie tube and the thermometer not exceeding oiie- 
sixteenili of an inch. The narrow test-tube is fixed, by means of a cork, 
within a wider and longer tube,. A small quantity of the sample to be 
tested is taken upon the bulb oi'thc thermometer, which is then carefully 
in.-'Crted into the inner tube, tiowii To within half an inch of the bottom. 
T.ie wider tube is then immersed i^ a heiiker of either water or clear lard 
oil (according to the melting-point of the grease) aud is Heated on a disc 
of asbestos millboard supported over an Argand-Bunsen. By bringing the 
tube up to the side of the beaker, the temperature at which the mass flows 

• J Analyst, xiv. (1889), p. 2. 
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down to a clear Lead at the bottom of tlie tube inav be observed, by means 
of a hand-lens if necessary. This is recorded as the melting-point of the 
sample. 

Capillaxy Tube Method. — I'his simple method for determining the point 
of incipient fusion is frequently used for the examination of fatty acids and 
other siibstiinces of fairly definite, and not too low, melting-point. There are 
several ways of operating, but the following is one of the most convenient. 
The capillary tubes, which arc made by drawing out soft glass tubing, 
should be very thin-walled, about 10 cm. long and 1 mm. in internal 
diameter. They are left open at both ends. One end is dipped into the 




Fig. 66. 



melted substance, until enough has risen to till about 1 centimetre of the 
tube, which is then laid aside in a cool place for several hours, jii-eferablj 
over night, for tlie suhstance to solidify and regain its normal melting-point 
The other end of the tube is then held for a moment in a^-mall flaim 
and, while hot, is pressed against a small bar of wood W, fig. 67, coatee 
with sealing-wax, ]>y which means four or more of such tiioe may hi 
siqiport^ in a bleaker of water as hhowm injihe sketch. The beaker is placec 
upon a disc of asbestos millboard gover a burner, and a thennometei 
T, held by :i clamp or suspemled by a cord, is placed wdth its bull 
close to the liye<f ends of the capillat^ tubes. The water in the beakei 
is then slowd}' warmed up and Continually stirred by the glass stirrei 
S, and the temperatures at which the substances melt and rise up th( 
capillary tubes are recorded. The mean of two experiments in separate 
tubes, whi^ should closetv agree, is taken as the melting-point of the 
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subsUncc. In examining mixed fatty acids, it is frequenllv noticed that a 
portion will liquefy and run up the tube, leaving tlie remainder still solid 
behind Clague found that the melting-point of ‘".acao- butter determined in 
a capillary tube varied according to tlie diameter of the tube. 

Bensemann s Method,^ which is preferable to the above, determines two 
IKimts, viz.—tbe temperature of incipient fusion and the temperature of 
comjilete fusion. A piece of narrow thin-walled tubing is drawn out 
to a capillary point and sealed at the small end, A small portion of the 
substance is then melted in the wider portion of the tube, in the iiosition 
shown at A a (tig 68), and is allowed to solidify. After a sufficient interval 
the lul^* .-is attached, by means of two small indiarublier rings cut off a 
piece of tubing, to a thermometer, with the fat close to the bulb, and the 
thermometer is suiqiortcd vertically in a be.aker of water. The water is 


A 




a b 

Fig. 68. 



Fio. 69. 


slowly warmed up, with continual stirring, until some of the fat begins to 
flow ; the temperature observed at this moment is the ‘po^n^ of inci’pient 
fusion.^ When the substanc-e has melted to a perfectly clear and transparent 
liquid as shown at h (fig. 68), the temjierature is again read oil' and is the 
^ point of completr fusioii.’ 

Bach’s Method. — Bach and llubi have published a number of melting- and 
solidifying-])ointsof fatty acids which were ascertained in the following wav. 
The substance vvas brought into a lest-tube about 7 mm. in diameter, and 
whilst bei*ig .stirred gently with a thermometer, the temperature was noted 
at wimh the mass became quite nieltiny-point and that at which 

a cloudiness began to form (‘ .solidifying point ’). 

Cook’s Method.''^ — This is a iJ^odification of T. Redwood’s metl^d.® Two 
beakers are supported one within thcjjtlier, the mininfiim space l)etween them 
i ” ing 1 inch at the sides and 1 .v niches at the bottom. About 1 inch in depth 
ot mercury is plai;cd in the inner k;aker. The on tor beaker contains either 
water or melted paraffin (according to the temperature required), the surface 

’ Jour. /Voc. Chem, lud.^ iv. (1885), p. 535. 

’■* Trot. Chem. Soc.^ xiii. (1897), p. 74. 

AiiAfysl, i. (1877), p. 61. ‘ 
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of which must be at least 3 inches above the surface of the mercury. Minute 
fragments of the substance wliose melting-point it is desired to determine 
are placed on a small piec'^ of ferrotype-plate (with the varnish removed), oi 
on a* microscope cover-glass, and floated on the surface of the mercury, in 
which the bulb of a thermometer is immersed. The beaker is covered with 
a card. The water or i>arattin in the outer beaker is then slowly heated uj 
with free pient stirring, until the substance is obst*rved to melt; it is then 
allowed to cool, and the solidifying- point may Ihj read off. This method n- 
said to give closely concordant results. 


Table LI. — Melting-points of some Fats, Waxes 

, ETC. 

<• 



Mcltin^-pointH. 

Description. 

Namu. 



•K 

“ c. 


Japan wax. 

Coconut oil, 

122-7-132-8 

50*4- 56 


68-0- 82*4 

20 - 28 


Palm nnt.oil, . 

73-4- 86-0 

23 - 30 


Palm oil, . 

80'6-108*5 

27 - 42*5 

hats. 

Cottonseed stearin, . 

78*8-104 

26 - 40 

Tallow (mutljii), 

111*2-123*8 

44 51 


„ (beef), . 

107*6-il9*3 

42 - 48*5 


lioiie fat, .... 

JB9-8- 71-6 

21 - 22 


Lard 

^96-8-1 18-4 

36 - 48 


Hors» fat, .... 

107*6-109*4 

42 - 43 


Wool fat (neutral), . 

87*8-108 5 

31 - 42*5 

Waxes. 

Spermaceti, 

109*4-113 

43 - 45 

Beeswax, .... 

142*7-158 

61 '6- 70 

1 

Carnauha wax, , . i 

]81*4-18()'8 

83 - 86 


V^aseline .... 

104-122 

40 - 50 

Hydrocfiihoiis. 

Paraffin wax 

98-137 

36*7- 58*3 

1 Cerasiii (l efined o7.{»kerite), 

141*8- 172 4 

(*d - 78 


Dalican’a ‘Titre Test.’ — This test, which was devi’sed by l>aiicnn for^tht 
valuation of tallow by determining the solidifying-point of the mixed fattj 
acids, has been applied by LewkowLtsch to a large number of oils and fats 
The fatty acids, obtained from 100 grins, of fat by the method described oi 
p. 237, perfectly dried by filtration through paper in the watef oven anr 
allowed to solidify over night, are re-melted at as low a tem))erature ai 
possible and introduced into a stout-walled test-tube, measuring T iiichei 
tong by inches diameter, which is filled rather more than half-full. Tin 
tube is supported, hy means of a cork i>r a rubber ring, in a wide-mouthec 
bottle of colourless glass (see %. (it)), and a Centigrade thermometer, grad 
nated, say fronry)“ to 70°, in fifths of a dl^gree, is suspended with its bulb ii 
the centre of the fatly acids. As soon as crystals tiegin to ajipear at tin 
bottom of tl»e tube, the fatty acids are stirred by giving the thermometer t 
rotatory movement, first thrjee tQ the right, then thrice to the left, and thei 
continuouslyCin one direction, wdthout touching the* sides of the tube, bin 
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Table LIT. Melting- and SoLiDipyiNa-poiNTS of bomi, .mixeb Fatty Acids. 


Vegetable 
Non-drying 
Oils and 
Fats. 


Vegetable 
Semi-drying 
Oils. 


Mixed Fatty Acids from 


Olive oil, 

Hazel nut oil, 

Ben oil, . 

Aracliis (earthnnt) oil, 
Castor oil, 

Jajian wax, . 

Coconut oil, . 

Palm nut oil. 

Palm oil, 

Cottonseed stearin, 


Rape oil, 

Rape oil (Stettin), 
Ravison oil, . 
Mustard oil, . 
Curcas oil, . 
Cottonseed oil. 
Cottonseed oil, 


Sesame oil, . 
Beech nut oil, 
Maize oil, 
Cameline oil, 


Vegetable 
Drying Oils. 


Animal 
Oils anil 
Fats. 


Marine 
‘.nimal 
Oils and 
Fluid Wax. 


Wax (solid) 


Linseed oil, . 
Hempseed oil, 
Poppyseed oil, 
Walnut oil, . 
Nigerseed oil, 
Sunflower oil. 


Neatsfoot oil. 
Tallow (mutton), 
„ (beef). 
Bone fat. 

Horse fat, 

IJird, 


Sperm oil (inc. Arctic), 
Whale oil, . . . 

Seal oil, . . . . 

Cod-liver oil, 

Sardine oil, . 


Wool fat. 


j Melting-points *0. 

Solidifying.points *0. 

Benscmann’s 




Method. 

Other 

Various 

‘Titre’ Tests 



Point of 

j Point of 

Metliods. 

Methods. 

(Lewkomtseh). 

lnei]>ient 

j Complete 




Fusion. 

j Fusion. 




‘23-24 

20-27 

( 24-27" 

1 19-28 ‘5t 

1 17-24*6 

1715-‘26*4 (12 
samples) 



17-25 

9-20 

3i-32 




37*2 -37*8 

34-35 

27-33 

22 31 

29*2 



13 

2-3 




56 57 

53 56*6 

.59*4 



24-27 

157-20*4 

22*6 -26*2 



20-'7-28-6 


20*5 -26*5 



41-50 

39-46*2 

35*9 -46*5 



‘27 30 

‘21 -23 

35*1 

18-19 

21-22 

16-21 

10-5-18-6 

12*2 -1 3*6 

18*5 i 

Below 0* t ~ 



15-17 

15*5 

39^0 


27-5 


28*6 

42-43 

34 40 

30*6-36 

87*6 





82 *7-85*2 (part 





of the stearin 

26-‘26 

29-30 

21 32 

18*5-28*5 

removed) 

22*9 -28*8 



23-24 

17 



18-20 

14-16 




18-20 

18-14 


— 








below 13 24 

13-3-17-6 

19*4 -20*6 



17-19 

14-16 

16*6 ' 



19-‘22 

15*4-17 

16*2 



15-‘20 

25-26*6 

16 




17-24 

17-18 




2iP8-30*8 


26*6 

49-50 

53-54 

46-49 


41*6-48*8 

42-44 

45-47 

45 


88*3 -46*3 



30 





37*6-419 *6 

37*3-37*7 

38*7 

43-44 

1^7 

85-44 

32*6-39 

42*0 



103-13*3 


8*6 -11*9 



14-18 ^ 


28*9 



22-33 


15*9 

% 

• 



13*9-24*8 

27*6 -28*2 

0 


62*6 t 

m " 



208 samples by De Negri and Fabris. 
t All observers; the lower number obtained with Californian oils. 
J Arohbutt. 

1 27* Jean. 
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taking care tliat tlie whole mass is kept uiiiforiuly mixed. When the 
mixture hecomes turbid throughout, the mercury is watched closely. At 
first it will fall slowly, bu< at a certain point it will rise a few tenths of a 
degree, sometimes 2 or 3 degrees, and will then remain stationary for a short 
time before c.ommenciiig to fall again. The j)oint at which it remains 
stotionary is the Hitre^ or solidify mg-] loiiit of the fatty acids. Freundlich 
states {Anahjat^ 1000, ]). 105) that the temperature to which the thermometer 
finally rises is partly dependent upon that to wdiich it was made to fall 
during the stirring of the fat, and that to ensure concordant results too 
prolonged stirring must be avoided in making this test. 

G.— REFEACTIVE INDEX. 

In the analysis of lubricating oils, the refractoinetcr will be found 
a useful though not an indispensable instrument. The kind of instru- 
ment employed may be one such as Abbe’s, by which the index of 
refraction of the oil is measured, or a differential refractometer, such 
as that of Trannin or Amagat and .lean, in which the deviation of 
the ray is measured on an arbitrary scale. 

The following table contain^- the refractive indices for the 1) line of 
some oils as determined by Abbe, Strohmer, Holde and others with 
Abbe’s refractometer : — 

Tabl^I LTIL— -Hefkactive Indices. 



Index of Refraction 

Oils, in order of their Refractive Indices. 




at 15” C. 

at 20“ 1 

Neatsfoot oil, 

1-467 -1*471 


Olive oil, 

1-4670-1*4717 

1-4690 

Sperm oil, 


1-470 

Rape oil, 

1 •4720-1 -4757 

1*472-1-475 

Cottonseed oil, . . 

1-4743-1*4752 

1-4748 

Sesain^ oil, 

1-4748-1-4762 


Mustard oil, 

1-4751-1-4760 

... 

Poppy oil, 

1-478 

• 

Castor oil, 

: 1-4795-1-4803 

j 1-490 

Walnut oil, 

1-4804 

! 1-491 

Cod-livcT’ oil, .... 

1*4600-1 -4852 

i l-iL800 

Whale oil, 


1-483 

Linseed oil, . . ‘ . 

1-4835 ' 

1-4780 

Beechn]jt oil, .... 


1*5000 

Mineranubricating oil, . 

1-490 -1-600 


Rosin oil, j 

— 

' 1*530 -1*650 
«. 1 



Tire instrument generally employed for commercial purposes is the Oleo- 
refractometer of Amagat aiyl «fean, the essential parts of which are shown 
in section 70 (p. 208). It confiists of a collimator and a telescope 
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Table LIV. — Tests of Oils with Amaoat and Jean’s 
Oleo-Kkpractometer. , 


Class. 

Name of OH, etc. 

llefractometer. 
Tlegrees at 22" C. 

Vegetable Non- 
Oils, 

Olive oil, 

Aracliis (eartlinut) oil, 

Castor oil, .... 

+.0 to +3*5 
+ 3-5 to -f 7 
-f-39 to +46 

Vegetable Semi- 
drying Oils. 

Rape oil, 

Ravison oil, .... 
Cottonseed oil, .... 
Sesame oil, .... 
Beechnut oil, .... 
Oameline oil, .... 

+ 15 to +20 
+ 18 to +25 
+ 17 to +23 
+ 13 to +18 
+ 16*5 and +18 
+ 32 

1 

i Vegetable 

Drying Oils. 

Linseed oil, .... 
Ilempsced oil, .... 
Poppyseed oil, .... 
Walnut oil, .... 
Nigerseed oil, .... 
Sunflower oil, .... 

+ 48 to +54 
+ 32 to +37*5 
+ 23 ’6 to +35 
+ 35 to + 36 
+ 26 to +30 
+35 

Animal Oils 
and Fats. 

Neatsfoot oil, . 

Sheep’s foot oil, 

Lard oil, 

Tallow oil, .... 

Tallow, 

Lard, 

~1 to -4 

±0 to +5'5 

- 1 to- 5 (-15?) 
-15to^ .8(-40?) 

- 8 to- 14 

• Marine 
Animal Oils 

• 

Sperm oil (inc. Arctic), . 

Whale oil. 

Seal oil, 

Cod-livi*r oil, .... 
Shark liver oil. 

Sardine oil, .... 

- 13 to - 17-5 
+ 30-5 to -+-48 
( + 8?) + 30 to +36 
+ 38 to +53 
+ 29 to +36 
+ 50 to +63* 

MisceUaneous. 

Rosin oil ^ . 

1 

+7R 


45* C. 
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havirif' a common axis, between which is fixed a hollow ju'ism for con- 
taining the oil. The hollow prism, A, is a metallic cell having opposite 
glass windows, C(l, fixed at an angle of 107”, and snrronnded by a bath of 
sheep’s footr oil (‘linile tyi)e ’) contained in the vessel BB, which is furnished 
with opposite parallel windows, l>Bb Tlio temperatnre of the oilsjn the 
cell B and in the jn ism an* kept at a constant temperature of 22“ C. by 
means of an outer water-bath not shown in the lignre. The light rays from 
an ordinary gas Hame placed at the end of the collimator G traverse the 
oils, and are focnss(*d by the lens of the telescoi>e n]ion tlu* photographed 
scale II, and viewed thr’ongh the magnifier M. The collimator has, instead of 
a slit, a movable shutter with a sharp vertical edge, which throVr^ pan of 
the field into shadow, and the edge of this shadow is focussed sharjily upon 
the scale. 

In using the instrument, the prism. A, is first of all filled with some of 
the standard (sheep’s foot) oil, similar to that contained in the outer cell : 
tlieie is then no red'raction, and the edge of the shadow if not exactly on the 
zero of the scale is adjuste<l to it by moving the shutter. The shindard oil 
having liecn drawn off through the Up R, and the prism rinsed with ethei 
and dried, the od to be tested is introduced, having lieen jirevioiisly brought 



to exactly 22” C. in temperature. The deviation is then read off upon th( 
female. 

The results obtained by different instruments of this kin«l are only com 
parable if the angle of the prism of each instrument, the ft)cal distance o 
the lens E^, and tin- scale 11 are precisely the same. r Allen states that thi 
is not always the (vise, and that a sample of oil which showed 4-5 ' in* hi 
instrument gave (f and 11”, lespcctively, in two others. Therefore, ever 
new instruimuil- before being jmrehased should be tested with genuin 
samples of two or three typical oils, say olive, linseed, and casV)r, and tli 
deviations conijiared with the numljcrs given in Table LIV., wliicb contain 
the lesiilts of varioiils observers. 


H —COLOUR AND .APPEARANCE. 

The colour and appearance of lubricating oils are very variable 
Some, like lard oil, are al^nost, colourless, but most present a variet; 
of shades ^f yellow, red, brown and green. All the fixed oils an< 
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the refined mineral oils are transparent ; the unrefined natural and 
reduced mineral oils are mostly opaque. Some exhibit fiuorescenco. 

As the colour and appearance of oils depend upon the conditions 
under which they are viewed, this physical character, when of import- 
ance, must be observed under definite conditions. Redwood uses 
for the purpose Lovibond’s tintometer, observing the colour of the 
oil in a 2-inch cell.^ For the darker oils, a j-inch cell is convenient. 

* Jour. Soc. Chem. Ind.^ ix, (1890), p. 14. 



CHAPTER VII. 

CHEMICAL rfiOPERTIES AND METHODS OF EXAMINATION 
OF LUBRICAN'TS. 

A.— FREE ACID OR ACIDITY. 

L Nature and Amount of the Free Acid in Oils.— Free acid iu an 
oil or fat may consist of 

(\) Free fatty and, naturally existing in small quantity in most 
vegetable oils, or set free in larger quantity by the decom- 
position of a vegetable or anim^' oil during storage in a 
crude state„, or by the action of sulphuric acid in the 
refilling process ; 

('1) Uodn achts^ present as a natural constituent of rosin oil, or as 
added rosin ; 

(3) Organie {petroleum) anidSy naturally existing in crude mineral 

oil ; 

(4) Free mlphuric or other mineral acid used in refining the oil 

and not properly washed out. 

Free acid of any kind is objectionable in a lubricant for metallic 
surfaces, owing to its corrosive action. Free fatty acids have the 
additional disadvantage that the soaps formed by their action on 
metals dissolve in the oil and cause it to thicken and gum. 

Mineral lubricating oils in the dark unrefined stale contain small 
quantities of weak organic acids varying, according to Holde,^ ‘from 
0*2 to 2*0 per cent., calculated as oleic acid ; but the pale oils, when 
well refined, are almost perfectly neutral. Owing to their constitution, 
mineral oils are not capable, like animal and vegetable oils, of 
developing acidity by decomposition, though some of the contained 
hydrocarbons can undergo oxidation with formation of resinous and 
asphaltip products. Acidity of replied 'mineral oils is most likely tcf 
be due to the accidental presence of sulphuric acid, which is used in 
refining, buF^uch an impurity is nc^ rarely met with and would show 
great carelessness in washing the oil. 

All vegeijflble and animal oils, on the other hand, contain free fatty 

* l)ie UrU«wuchitng der Schmiermittel, 
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acida in proportions varying from less than 0-5 per cent, to* upwards 
of 50 per cent. The least acid oils are those rolinod witii alkali, such 
as ‘ animal oil ’ and rottonseed oil ; the acidity of tht;se oils varies, 
according to the authors’ experience, from 0*08 to 0*26 per cent, i,e. 
it is practically negligible. More acidity is met with in those oils 
which are refined with sulphuric acid, such as rapa oil, which contains 
on an average about 2*2 per cent, of free (oleic) acid, varying from 
*l per cent, to about G per cent., but seldom exceeding 5 per cent. 
378 samples of refined rape oil tested by Archbutt during three 
years onamg 3 1st March 1905, all representing large contracts, gave 
the following results ; — 

Numbiir of Sainploh 
122 
223 
30 
3 

378 {Aver(i<fr\ 2‘21 percent. 


Free (Oleic) Acjd, per cent. 

l-l-l-o 

2*0-2*9 

3-0-3-9 

1 - 0 - 5-7 


Traces of free sulphuric acid are met with in rape oil wliich has 
been refined wifyh this acid (sec p. 313). 

Those oils which are stored in a crude state, *and are not afterwards 
chemically refined, often contain siujIi large amounts of free fatty 
acids as to quite unfit them for use as lubricants. 

Thus, in 9 sumples oi palm oil, Archbutt found from 11*9 to 78*9 
per cent, of free (])almitic) acid.^ Lewkowitsch states that he has 
found from 50 to 70 per cent, of free (palmitic) acid in i large number 
of commercial palm oils. 

In 151 samples of oHoe oil from various sources. Archbutt found 
the following percentages of free (oleic) acid ^ : — 


Table LV. 


Number 


Free (Oleic) Acid per cent. 

S.irnples. 

Source, 

• 

Highest. 

Loweat. 

Average. 

70 

Spain, 

25*1 

1*5 

5-5 

36 

Italy, 

25*2 

6*9 

8*5 

28 

Sicilv, .... 

16*6 

0*5 

•ll 

12 

Candia, . . 

16-8 

5*5 

9T) 

3 

Levant, .... 

13*5 

8*5 

10*4 

2 

Zante, .... 

8-7 

4*8 * 

6*7 


1 Analyst, ix. (1884), p. 171. 

^ Jour. Sr'ye. Chem. Ind,, viii. (1889), p. 886. 
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136 samples of olive oil, supplied under contract to a specification 
limiting the free (oleic) acid to a maximum of 4*0 per cent., contained 
a minimum of 0*6 pci" cent., a maximum of 7*4 per ceiit., and an 
average of 2 ’85 per cent, of free (oleic) acid. 

Other observers have found from I’O to 27 '2 per cent, of free (oleic) 
acid in olive oils. 

In 25 samples of lalJoiv examined by Dcering ^ the following per- 
centages of free (oleic) acid were found : — ‘ 


Tabi.k LVT. 


M umber 
of 

SaiDpIes. 


13 

1 

2 

1 

1 


I Russian, . 

I Australian beef, 

I „ mutton, 
Town tallow. 
Unknown, . 

Town tallow, six ywir 


Free (Oleic) Acid per cent. 
Highest, j liOwcBt. | Average. 


s old, 


12-20 
8-85 
7T5 
6-95 
2-10 
25-0 
.. 4rL. 


2’29 

i’7r, 

0*85 

4’55 


5-48 
4-47 
3-91 
5 75 


Kighty-eiglit samples of iaUow cxamincrl by Archbutt gave the 
following results : — 

Tauuk LVII. 


Number 


1 

1 Free (Oleic) Acid i)er cent. 

Humpies. 

Sourot*. 

Uigbest. 

j Lowest 

Average. 

55 

Home melted, . 

11-90 

' 1-40 

1 4-89 

9 ' 

Australian mutton, . 

South American beef, 

12-84 

1-00 

; 4-84 

11 1 

7-60 


i 2’07 

12 . 

Unknown, .... 

10-60 

•, 1-30 

4’65 

1 

„ . . . 

83-60 


o 


227 sjimples of tallow, supplied to a specification limitiiig the free 
oleic) acid to 4*0 per cent., contained a minimum of 0 5 per cent.,, 
maxiinum of 26*2 per cent., and an, average of 2*86 per cent., of 
ree (oTeic) acid, < 

In 23 samples of Indian castor oil examined by Deering and 
led wood,- tlfc acidity, calculated as oleic acid, ranged from 0*70 to 
•30 per cent., and averaged 2'o8 per cent..; 6 samples of castor oil 

U/inir. AV*. Clutin /nd.,iii. (1884), p. 540. 

Ibid., xiii. (1894), -p. 961. * 
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for lubricating, cxainiiicd by Arclibutt, contained from l'4-7 to *2*70 
per cent. ; and Thomson and Ballantyne found, in two samples, 1*46 
and 2*16 jier cent., respectively. But Nordlinger found ^ in 9 
samples of ex})retsed castor oil from 0*()2 to 18*61 per cent, of free 
acid, or an average of 9*28 per cent. ; whilst in 5 samples of 
extracted oil he found from 1*18 to 5-52 per cent., or an average of 
2*78 per cent. 

In 8 sample^ of uil^ seven examined liy Deering and one by 

Thomson and Ballantyne, the acidity as oleic acid ranged from 
0*55 to 2 64 per cent., and averaged 1*7 per cent. ; in two samples 
of Arctic iiperm oil it was 1*97 and 2*11 per cent, respectively, 
averaging 2*01 per cent. Fourteen samples of Southern sperm oil, 
examined by Veitch Wilson, “ contained from 0*5 to 2*0 per cent, of 
acidity, averaging 1 *32 per cent. ; and 29 samples of Arctic s])erm 
oil contained (‘rom 0*5 to 3*0 ])er cent, of acidity, averaging 1*78 per 
cent. Therefore, Arctic sperm oil is a little, but not much, more acid 
than Southern sperm oil. 

Acidity is not the same as rancidity. Ballantyne ’ has shown that 
oils can become rancid without the liberation of any free acid what- 
ever, and the converse; is also true. The researches of Kitsert and 
others have proved that the changes which produce rancidity of oils 
are due to oxidation. * 

The acidity of most fatty oils tends to increase by keeping, but 
replied oils can be kept for considerable periods without undergoing 
any change of prac.tical importance. Thus, Ballantyne*^ found that 
oli\e, rape, castor, and arachis (ground nut) oils remained unchanged 
in acidity for six months, whether kept in the dark in corked bottles 
or exposed freely to sunlight and air; and some r.outral j>alm oil 
pr(;pared by one of the authors, after being kept in a stoppered 
bottle in a dark cupboard for fourteen years, was found to c*»'tain only 
0*4 per cent, of acidity, calculated as palmitic acid, all of which may 
have been originally present, as the acidity was not determined after 
the oil had been purified. 

II. Effects of Free Fatty Acids in Lubricants. — Bursty n,"' who 
was one of the first to pay attention to the corrosive effects of fatty 
oils upon axles and bearings, sh.owed, in 1876, that the action of olive 
oil on brass was greater the more acid the oil. It is, therefore, to be 
regretted that lied wood and others who have been at much pains in 
iiivestigayng the relative .action of various fatty oils upon metals did 
not determine the amount of free acid contained in the oils they 
experimented with. This omission makes their experiments almost 
valueless, as the different t;rilccts obsen^ed may have been entirely 

* Zeitis. Anal. Chem.., xxviii. 183. * 

' Carpenter and Lcusk, Soap. Candlex^ Ltibricanfs, ami (itlycerin, p. 298. 

Jour. Soc. Ghem. Ind., x. (1891), p. 29. • 

* For a full discussion of the subject see Lewkowitsch, Anahjais of Oils, etc., 
vol. i. p. 19 ct seq. 

* Dingier' 8 Polyt. Journal, ccxvii. p. 314. 

® I. J. Redwood, Jour? Soc. Chem. Ind., v. (1886), p. 362. , 
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due to difForenccs in the acidity of tlic varioiw oiln, and not to any 
difference in the properties of the oils themselves. 

Not only is it probqble that neutral fatty oils have ho chemical 
action on metals, but it is doubtful whether even free fatty acid can 
exert much action in the absence of air and moisture. Thus Fox ^ 
sus])ended thin strips of lead in the mixed fatty acids preijared from 
olive and linseed oils, and found that after having been heated for 
several days to 220° F. the lead had not lost weight, K. l>onath 
took bright, aceui’ately weighed strips of iron, copper, brass, and zinc, 
and completely immersed some in strongly acid olive oil and others 
in crude oleic acid. At the end of three weeks the strips were found 
to have suffered very little loss of brightness and a scarcely perceptible 
loss of weight. Even when the oils were kept heated to 70"~80“ C. 
(158°-]7G° F.) for several days, the metals were not attacked. But 
if, previous to immersing the metals in the acid oils, the latter were 
thoroughly emulsified with air, or es])ecially with water, by vigorous 
shaking, corrosion readily took place. Donath concluded from tlujse 
experiments that the corrosive action on metals of lubricating oils 
containing free fatty acids depends to a great extent upon whether 
the oiled surfaces eom^) into contact with atmospheric oxygen, and 
whether, by condensation or other means, water gets into the oil. Tt 
is difficult to account in any other way f^ the very erratic manner 
in which corrosion sometimes takes place, ^uch as is illustrated by the 
following experimentmiade by one of the authors several years ago. 

Four samples of railway wayon </reni<e, each composed, in the sanie 
])roportions, of tallow, palm oil, soap, and water, but containing rcs])ec' 
lively 0'4. I'-t, 1*6, and 4*0 per cent, of free fatty acid, were taken, 
also a sample of very acid palm oil, free fr(»m water, containing 72*2 
per cent, of free (palmitic) acid. Into each of these five specimens of 
grease, etc., two strips of bright steel were inserk^d, and after an 
interval of four months they were taken out, cleaned and examined, 
with the folloAving results ; — 

^ f’ree Fatty i 1 

Stripfl iniiiierHeil in Acid 
I I)(ir cent. 

Grease No. 1, . | 0*4 

Grease No. 2, . > 1*4 

[ Grease No. ’ !•(> 

I Grease No. 4, . : 4*0 

I Acid palm oil, . [ • 72-2 

If fatty acids alone can attack steel, the Iv'o strips i.'jimersod in 
the very acid-fialm oil should have fteen the most corroded, instead 

^ A7uilt/st, vin. (1883), p. 116. 

Dingier s Polyt. JouimaJi ccxciv. p. 18G ; Jour, Hoc. Chcni. Ind., xiv- 
(1895), p. 2^. 


Oouditioii of the Steel after Four ^lontlis’ immersion. 


Both strips bright. | 

” t 

1 rtrip bright, 1 deeply corroded it, one spot.| 
Botli strips deeply corroded on one side. | 

Both strips mcreiy stained and not ' 'rroded. 
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of which they were merely stained, whilst the strips immersed in the 
grease containing only 4 per cent, of free fatty acid were both deeply 
corroded, doubtless because of the simultaneous presence of water. 
It will be observed that the most acid grease proved to be the most 
corrosive of tlie four. 

Oleic arid^ water, and iron tilings, if heated together in a test-tube, 
react briskly, hydrogen being evolved and brown olcate of iron 
formed. Tliis^ compound is decomposed, by oxidation, into ferric 
oxide and free oleic acid, which again attacks more iron; in 
this comparatively small quantity of the free fatty acid has 

bt‘en known to perforate wrought-iron plate more than inch in 
thickness.^ 

Although a metal in stationary contact with a cold solid grease 
containing free fatty acid and water may undergo seriou^^>f!a/ pitting, 
as proved by the above experiments, the corrosive actioiiiipon a brass 
or journal of the fn^e fatty acid existing in a fluid oil, or in a grease 
lubricating a journal in motion, may escape notice, because it is spread 
over the whole of the rubbing surfaces, llpt the cd’ect of chemical 
action will be observable in the thickening of the oil and in the 
formation of gummy deposits. Thus, a mixture of olive oil with 
from 10 to 15 pej* cent, of mineral oil, which liad been taken out of a 
railway carriage axle-box after about throe weeks’ use, was found to 
be mucli thickened, of a deep green colour, and cortained in solution 
much copper and zinc. Some of the oil was dissolved in ether and 
shaken with dilute nitric acid to extract the dissolved metals; the 
ether was tlien evaporated, and the oil was recovered with its 
original colour and almost its original fluidity restored. From this it 
is evident that the thickening and gumming of fatty >ils on bearings, 
generally attributed solely to oxidation, may be due partly to soaps 
formed by the chemical action of the free fatty acids upon the metal 
of the bearing, dissolving in and thickening the oil. hi the oil used 
by woolcombers for oiling woefl, the amount of free fatty acid is of 
secondary importance compared with freedom from a tendency to 
oxidize and form a sticky residue on the wool libre.^ 

III. Determination of Acidity. — The acidity of lubricating oil, 
which, as already stated, may be due to the presence of more than 
one description of free fatly or resin acid, or (rarely) to a mineral 
acid, is generally determined volamctrically and expressed either as 
oleic acic^or as sulphuric acid or sulphuric anhydride. In this country 
it is usual to express the acidity of a fixed oil or fat in terms of oleic 
acid ; on the Continent the ncidity is frequcntly*stated as sulphuric 
anhydride. Another methu;i of expression, adopted by Bej^edikt, is 
known as the ^acid value^^ which is the numlicr of milligrammes of 
potash (KOH) required, to neutralize the free acid in 1 grm. of oil. 
Koottstorfer has proposed to express the acidity in ^degrees,^ which 

^ V. Wartha, Dingier * h Polyt. Journal ^ eexv. p. 115 ; Stock, Ghem, NewSt 
xxxix. (1879), p. 6. 

® Richaidson and JalW, Jow. Soc. Ohem, hid.^ 1906, 634, g. 
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are the numhpv of r.c. of normal alkali required to neutralize the 
a^iidity of 100 grins, of oil. Koettstorhjr’s degrees have the advantage 
to a chemist that they are at once converted into any rciiuired acid, 
if multiplied by tin; saponilication equivalent of that acid— 1000. 
The relation of the difiorent methods of expression is sIk)\vii in tlie 
following table by Benedikt : — 


l)e|?rees; -c.c. of 

Acid Values; 



normal alkali re- 
quired to neutralize 

=millignn8. of KOH 
required to neutralize 

Oleic Acid, per cent. 

.Sulphuric Anhydride, 
per ;o!it 

100 grins, of oil. 

1 gnu of oil. 


1-0 

0*561 

0*282 

0*040 


1*0 

0*5027 

0*0713 

3*546 

1 *9863 1 

1*0 

0*1418 

25*000 

14*025 ! 

7*05 

1*0 


lor the determination of total acidity, 5—10 grins, of the oil may 
be completely dissolved in a neutralized inixture of ether (4 pjirts) and 
absolute alcohol (1 part) and titrated with an alcoholic decinormal 
solution of caustic soda, using phenolphthalepi as indicator ; or the oil 
may be merely shaken up in a flask with nalfftralized methylated sjiirit 
(which dissolves the free acid, leaving most of the neutral oil insoluble) 
and titrated with aqueous caustic soda solution. The latter method 
is simpler, and is sufficiently accurate : it is, therefore, preferable for 
technical purposes. The solutions required arc :~- 

Nurmal (aqueous) caustic soda soluiton. 1 c.c. = 0’282 gnu. oleic acid. 
A clear aqueous solution coiitaimng 50 gnus, of caustic soda in 
100 c.c. (see p, 225) is diluted with distilled water free from 00.^, 
until of correct strength, ])henolphthaleiii being used as indicator 
in titrating. 

Phcnolphthalcm solution. An alcoholic solution, (xmtaining 3 grins, 
plmnolphthalein in 100 c.c., neutralized by shaking with dry^ pre- 
cipitated calcium trarbonate and filtering. 

Neutralized methylated sjnrit ; prepared by filling a stoppered bottle of 
about 500 c.c. capacity with ordinary methylated spiiit, adding* 10 
c.c. of ])henolphthalein solution, and drojiping in normal caustic 
soda solution from a burette until the liquid assumes a faint ijermancnt 
pink colour. { 


To de^rmine the aeidity of a fluid oil in terms of oleic acid, vxigh 28*2 
grms. of the oil into an Erlenmeyer flask of about 250 c.c. cajiacity, add 
50 c.c. or neutralized alcoliol and 2 c.c.^)f phenolphthalein solution. Then 
add normal caustic soda solution from a burette, caiiticmsly at first, but 
afterwards in quantities of 0*6 to 1*0 c.cf or more at a time, if the crimson 
colour at first formed disappears quickly on shaking. When the colour 
begins to di^ppear slowly, cork the flask and shake it violently, then add 
the soda in smaller quantities, finally drop by drop, vigorously shaking the 
corked flasl^ftcr the addition of each drop, until the alwjholic liquid is 
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permanently coloured a faint pink. The number of c.c. of normal caustic 
soda solution used is the j)ercentage of free aidd, expressed as oleic acid, in 
the sample. If the quantity of oil available is small, 2*82 grms. may be 
titrated with dennormal soda, which will give the same result. 

A solid fot^ sucli as tallow, may be titrated m the same way as a 
fluid oil, if the contents of the flask be kei)t sufliciently heated to maintain 
the fat in a melted e-ondition. In weighing out the fat, some of it is first 
melted in a beaker and poured, while melted, into the (Hiimteriioised flask 
until the weight is nearly made up. The flask is then removed from the 
balanci; and allowed to bei^ome quite cold. It is then replaced, and the 
exact*'. e. gilt is made up by adding a little more fat. In titrating palm oil, 
whi(di is s..metimes di'.e]) red in colour, the half or quarter of 28*2 grins, 
may be taloui and mixed with 100 c.c. of alcohol instead of 50 c.c. ; the 
colour change can then be sharply detected, even with very red samples, 
d'he volume in c.c. is multijihed by 2 or 4, as the case may be, to get the 
])ercentage of acid. 

Fery dork coloured oih^ in which the colour change cannot be detected 
by the above method, should be very well shaken with two or three 
times th(‘ir volume of muitralized alcohol, then poured into a separating 
funnel and left for the liquids to separate. The oil is drawn off into the 
original llask andsliaken again with an equal volume of alcohol, whilst the 
alcoholic solution in th<* separator is drawn off into a clean flask. The 
mixtun of alc-(»hol and oil is again jKjined into the funnel and allowed 
to separate, tlie oil is then drawn (»fl‘ and shaken a third time with 
alcohol. ^I’lie .second and thir<l alc.oholic extracts having been mixed with 
the first, plumoljilillialein is added and the liquid is titrated with caustic 
.soda. 

Free mineral acid must be t«*sted for separately, as tlie above methods 
make no distinction between fatty and mineral acid. To detect the presence 
of mineral acid, take a known ijuantity, say 25 c.c., or about the same 
number of grammes of the oil, and wtdl shake it m a separating funnel with 
200 c.c. of hot water. When the water has (juite sepaiated from the oil 
draw' it oJf through a w'et filter [lajier into a flask, and add to the cold liquid 
a few diop.s of methyl-orange indicator, which is uualfected by fatty acids, 
but in the jiresence of free mineral acid wall tinge the liquid i 'd. If free 
mineral acid be detected, the oil may be again shaken several times with 
.small quantities of hot water, until all the acid has been washed out, and 
the mixed aqueous liquids may then be neutralized by adding normal caustic 
soda solution until the red colour Just changes to yellow. 1 c.c. of normal 
caustic soda is equivalent to 0'()4{) grm. of siil]diuric acid, or 0'040 grin, of 
sulphuric anhydride, in the iniantity of oil taken. The neutralized solution 
n^fly be boiled down to a small volume mid portions tested wdth appropriate 
reagents in orde.r to delermiiie the nature of the acid present. (See also 
p.313.) 

OiD cditaining sulphonated fatty acids must be well boiled with water 
by blc‘V\dng steam through the mixture, in order to decompose the compound 
acid, thus:-- • 

C„H3, < + SO^COH) * 

sulphu-Btciiric auid. • hydroxy-steariu acid. Biilphuric acid. 

To determine the sulphuric acid, the aqueous liquid, after separation from 
the greater part of the oil, is evaporated down to about 70 c.c., filtered 
bright and titrated, cold, with standard soda solution, using ijigthyl orange 
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as indicator. The liquid may afterwards be acidified, precipitated with 
barium chloride, and the barium sulphate weighed, if desired. 

Qravmetric determination of free fatty and resin acids. — The free fatty 
and resill acids existing in an oil or fat may be separated and weighed in 
the following manner ; — 

5 grins, of the sample are dissolved in etli^r and rinsed into a separaiing 
funnel, into which a few drojis of water have been placed to seal the tap. 
The ethereal solution is shaken re 2 )eatedly with small quantities (10 20 c.c. 
at a time) of a dilute solution of caustic soda (containing 20 (j.c.of a 10 per 
cent, solution of NaOII and 10 c.c. of rectified alcohol made up with water to 
100 c.c.) until all fatty acids are extracted (10 c.c. of the dilute soda noVitioii, 
which is roughly .seniinormal, will dissolve 1*4 grin, oleic acid). The mixed 
aqueous extracts ai e first shaken with a little ether to remove traces of oil, 
then decomposed with dilute sulphuric acid, and shaken with ether to 
dissolve tlie liberated fatty and resin acids. After washing the ethereal 
solution, it is distilled in a tared flask, and the residue i.-^ heated on the 
water-oven until constant in weight. Resin acids may then be sejiarated 
and determined by Twitchell’s ])rocess (p. 238), and, if dc'^ired, the neutral 
oil may be recovered by distilling the original washed ethereal solution. 

IV. Amount of Free Acid permissible in Lubricants. — The 

amount of free acid penniiisible in a Itjbricating oil depends upon 
the nature of the oil and the purpose it is used for. A refined 
(pale) mineral oil should not contain any apid whatever ; but the 
dark-coloured ‘reduced' oils may be exjj^cted to contain traces 
of weak organic acids varying, according to Holde, from 0*2 to about 
2*0 per cent., calculated as oleic acid. Free mineral acid, which can 
only occur through imperfect refining, should not be permitted in 
any oil ; but some free fatty acid must be allowed in fixed oils and 
fats. Experience shows that 4 per cent, of free fatty acid, calculated 
as oleic acid, is a practicable working limit, and no olive oil, tallow, 
or other oil containing more than this proportion of acidity should 
be used for lubricating. The less there is below this amount the 
better the oil. 

'V. Process for refining small quantities of oil. — Neutral oil or tallow 
required in small quantity for delicate mechanism, instruments, brass tajis, 
stc., can be jirepared as follows ; — Take a good commercial sam])le of the oil 
3T fat, containing not more than say 6-7 per cent, of free (oleic) acid, and 
place it in a bottle with one-thircl of its volume of caustic sixia solution, 
prepared by mixing a 6 per cent, aqueous solution of caustic soda with half 
its volume of methylated spirit. Add also some phenolplitlialein. Stand 
the bottle in hot water, so as to raise the temperature of the esntents to 
jbout 150° F,, and then shake the oil and soda together, thoroughly, but not 
boo vigorously. If .th% crimson colour of the phenol phthaleiii is bleached, 
add morq^soda until the colour remains permanent on continued shaking. 
Then allow the liquids to separate, whilft not, in the bottle or in a separating 
funnel, and siplion or tap off the lower liquid. Wash the oil by shaking it 
1 few times with^ mixture of water two volumes and methylated spirit one 
yolume, allow to stand until the aqueous liquid has separated, filter the oil 
through a dry filter, and heat it in the water-oven to a temperature not 
jxceeaing 212° F. until brigl^Jb. 
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B.— DETECTION OF SAPONIFIABLE AND DNSAPONI- 
FIABLE OIL. 

Pure mineral oils and refined rosin oil free from rosin acids are 
chemicM,lly indiflerent towards alkalis, But all the fixed oils, fats, and 
waxes when heated with (jaustie s(xla or caustic potash arc sa])onified, 
with forniati(^i of glycerol or wax alcohols and soaps. This difference 
of heh.uiour is the basis of the processes for the detection and deter- 
mination of fixed (saponifiable) oils and hydrocarbon (nnsaponifiable; 
oils in the presence of each other. 


I. Detection of Fatty Oil in Mineral Oil. 

Lux’s test, improved by lluhemaim,^ depends upon the property 
possessed by (piite small quantities of soap of causing the gelatiniza- 
tion of mineral oil, as well as upon the frothing or foaming of soapy 
liijuids when heated. 

3-4 c.c. of the suspected mineral oil are jilaced in a dry test-tube with a 
small piece of caustic soda, and the tube is heated in a paraffin bath for fifteen 
minutes to a tcnip(*rature of 230'’ C. in the case of pale coloured oils, or 250‘ 
C. in the case of dark mineral oils or cylinder oils. If \ery small (piantitiee 
(as small as 2 ])er cent.) of fatty oil are to be looked for, a duplicate test is 
made at the same time with metallic sodium instead of caustic soda. On 
remoying the tubes from the hath and allowing them to cool, the presence of 
a saf>oninable oil is indicated by the gelatinization (complete or partial) of 
the contents of one or both tubes, or by the appearance, on the surface of the 
oil, of a soany froth, the amount of which is proportional to the quantity 
of saponifiable oil present. Both gelatinization and the soapy froth may 
he observed. Holde states, ^ as the result of a large number of ‘nperimentSj 
that by this test as little as 0’5 jier cent, of fatty oil may be detected in 
pale mineral oils, 2 per cent, in dark-coloured oils, and 1 per cent, in 
cylinder oils. 


II. Detection of Mineral Oil in Fatty Oil. 

• 

The following test by Holde ^ depends upon the fact that an 
alcoholic solution of pure soap remains clear on the addition of a 
limitt d Quantity of water ; but, in the presence of mineral oil, the 
addition of water causes the formation of a ^urbidity, due to the 
precipitation of the unsapoiufied mineral oil. 

A piece of caustic potash about fhe size of a pea, is heated in a test-tube 
with about 6 c.c. gf absolute alcghol until dissolved ; 3 or 4 drops of the 
suspected oil are then added, and the liquid is boilecl forgone minute. Or, 
better still, 5 c.c. of a clear seminormal solution of potash in alcohol (see 

' Jour. Soc. Chem. lud.^ xii. (1893), p. 470. 

® UhUrsuchung der Schmiermittel, 
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p. 221) are boiled for two minutes with 6 to 8 drops of oil. To the soap 
jolution thus prepai-ed distilled water is gradually added, well mixing after 
iach fiddition, until from 0 5 to 15 c.c. have been added altogether. If un- 
wiponifiable oil be absent the solution remains clear, even when mixed with 
;he niaxiinuni imjportioii of water ; but the i)re8eiice of even 1 per mit. 
if mineral oil will (;ause the formation of a turbidity. Careful observation 
8 needed, since the characteristic feeble turbidity produced by a very small 
proportion of mineral oil (0‘5 to 2 per cent.) sometimeB disiijmears again on 
die addition of more water, and may, therefore, easily be overlooked. Rosin 
lil, if jireseut in smaller projiortion than 12 jier cent., is not detected The 
ligher alcohols formed on saponifying the fluid wa.xes do not jirecipitate at 
nice on adding water, but remain dissolved in the soaji solution for some 
considerable time ; therefore, this test can be used for the detection of 
nineral oil in sjierm oil (Lohry tie llruyn i). 


C.— THE SAPONIFICATION VALUE. 

1. — Meaning and Use of this Value. 

The reactions between caustic alkalis and the esters contained in 
)ils and fats take place in definite projiortioi's, and in tlie ease of 
iny single ester can be represented by a^'-eqiiation (see p. 105). 
rims, one molecule of every glyceride reqiiircs for saponification 
hree molecules of potash, whilst one molecule of the ester of a 
nonoliydric iihiohol requires one molecule of potash. The (piantity 
)f potash rt'quired for the saponification of any single ester, such as 
)ure stearin or olein, can therefore he calculated, and serves to 
dentify it, hut the (piantity required to sapcuiify tli^e mixed esters 
[iiown as ' fixed oils, fats, and waxes can only he ascertained by 
sxperiment, and when expressed as a pe'*centagc ^ iy called the 
sapo}iific.ation value ’ of the oil, fat, or wax. 

llcfcrenee to the table on p. 222 will show tliat the majority of 
aponifiahle oils require about the same percentage of potash for 
aponifi cation, the execiitions fieing rape oil, mustard oil, castor oil, 
Liid some of the fish oils, which require less than the average, and 
lutter fat, palm nut oil, coconut oil, and porpoise and dolphin jaw 
•ils, which require considerably more. The waxes have character- 
stically low saponification values. Hydrocarbon oils, of coiii‘se, have 
lone. Hence, a knowledge of the saponification value enables us to 
Ictect, and frequently to approximately determine, the proportion of 
lydrocarbon oil in » mixture, to identify in a pure state iho.e oils 

^ JoUr, Sfec. Chem. Ind.^ xiii. (1894), p. 426. ' 

Koettstorfer, who originated this testa% a means for detecting the adultera- 
ion of butter, expressed bis results in milligi;jiinines of potash per gramme of fat, 
,e, in parts per 1U#0, and, with the exception of Allen {Cormul. Org, Anal,)^ most 
uthors have followed his example. The acetyl values of oils a^e similarly 
xpressed, buf the Hehner and iodine values have always been expressed in 
•ercentages. For the sake of uniformity, the percentage system is adopted for all 
alues given jpithis volume. * * 
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and waxes which have characteristic values, and, to a limited extent, 
to detect the adulteration of one fatty oil with anolJher having a 
different saponification value. 


II. Determination of the Saponification Value. 

For the d^^tei niination of this value the following reagents are 
required ; — 

A p'prujr.imately seininormal alcoholic potash, made by dissolving about 18 
grniH. of the purest obtainable potash in 500 c.c. of pure rectified alcohol. 
As potash ‘]uire by alcohol ’ usually contains about 20 per cent, of water, 
this solution will be about seminormal in strength ; if anhydrous potash 
he used, 14 grins, would be enough. 

If made with impure spirit, the solution will rapidly assume a red or 
brown colour and will then be unfit for use, but if made with pure rectified 
alcohol it will slowly acquire a pale yellow tint which in no way interferes 
with the test N(» difficulty will be experienced in dissolving the potash 
in the strong alcohol if the following plan be adopted : — Introduce the potash 
and (he alcohol into a 500 c.c. test mixer, insert the stopper, and invert 
the cylinder so as to bring the potash to the upper en(l. Then lay the 
cylnicler ujxui the bemdi ami laise the upper end upon a block at such an 
angle that the ])otash will not slide to the bottom ; it will then very rapidly 
dissolve. Wlieu solution is complete, well mix the contents of the cylinder, 
allow to stand over night, and filter through a dry filter paper into the 
reagent bottle, which should be closed, by a rubber stopper and kept in a 
cool, dark cupboard. 

Hemmomial hydrochlm'ic acid, accurately standardized with pure sodium 
carbonate, which has been heated to just below redness for five minutes and 
cooled in a covered i)latirium crucible in a desiccator immediately before 
weighing. 1 c.c. of strictly seininormal acid neutralizes 0’02807 grm. KOH. 

Phenolphthalein solution. (See p. 21G.) 

(a) In determining the saponification value of a fixed oil or fat, 2-5 grms. 
are weighed into a small wide-necked flask and 25 c.c. of the seminormal 
potash solution are added from a ])ipctte. Exactly the same volume of potash 
solution is then delivered into an empty flask of the same size and shape. 
The two flasks are closed by corks having a groove filed in the side for the 
^cape of va])our. The ‘ blaiik’ quantity is placed at once inside the water- 
oven. The flask containing the oil is first of all heated on a steam-bath 
until the alcohol commences to boil ; it is then agitated with a rotary motion, 
to and iro, so as to break up the oil into small globules and facilitate the 
saponification, care being taken not to splash the liquid up on to the cork, 
mien (in the case of a pure fatty oil) the globiies of oil have entirely 
disappeared, or when (in the^case oi a mixed fatty and mineral ^il) the oil 
and alkaline solution have been thgiroughly boiled and agitated together, the 
flask is placed inside the water- oven. After fifteen minutes have elapsed, 
the ‘ blank ’ quantity is taken»out, mixed with about 1 c.c. of phenol- 
phthalein solution, and carefully titrated with the seminormal acid until the 
crimson colour is just bleached ; the flask containing the saponified oil is 
then similarly treated, and from the relative volumes of acid used the 
saponification value >is calculated as shown by the following ^ample ; — 
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Table LVIII.—SAPONiPicATroN Values op some Oils, Fats, and Waxes. 


Class. 

Name of Oil, etc. 

Saponification yalue. 
KOH required to sajionify 
100 parts of the substance. 

Vegetable Non- 
drying Oils and 
Pats. 

Olive oil, ...... 

Olive kernel oil, .... 

Hazel nut oil, ..... 

Ben oil, ...... 

Arachis (earthnut) oil, 

Castor oil, 

Japan wax, . . 

Coconut oil, ... 

Palm nut oil, ..... 

Palm oil, ...... 

Cottonseed stearin, .... 

18*5 -19-6 ; usually 
about 190 * 

! 18'2.3-18-:J8 

{ lH-7 -19-7 

1 JS-6 -18’8 

1 IS-f -19-7 

f 17-0 -18-7 

21-4 -23*7 

24-6 -26*8 
' 24-2 -26-5 

! , 19‘S -20*0 

! 19-6 

Vegetable Semi- 
drying Oils. 

Rape oil, . .... 

Ruvison oil, . . . 

Mustard oil (white), .... 
Mustard oil (black), .... 
Cureas oil 

Cottonseed oil, . 

Sesame oil, ..... 

Brazil nut oil, ..... 
Beech nut oil, ..... 
Maize oil, ..... 

Cameline oil, ... 4 . 

17 0 -17‘5 

17*8 -18-1 

17-0 -17-4 

17- 3 -17-6 

19*2 -19*3 

19*1 -197 

18- 8 -19-6 

19- 3 

191 -19-0 

18-8 -19-3 

18*8 ; 

Vegetable Drying 
Oils 

Linseed oil, .... 

Hempseed oil, . . . ■ ^ 

Poppyseed oil, . . . 4r. 

Walnut oU, 

Nigerseed oil, 

Sunflower oil, ..... 

18- 8 -19-6 

19- 0 -19*3 i 

18-9 -19-8 j 

18'9 -19 7 1 

18‘9 -19‘2 

18-8 -19*4 

Animal Oils and 
Pats. 

Neatsfoot oil, , . . , ^ 

Lard oil, .... . : 

Tallow (lieef, mutton, and home refined), i 
Bone fat, . . . . . • 

Lard, .... . 1 

Horse fat, . . . . . i 

' 19-4 -19-9 

197 -19-6 1 

19-0 -19*8 

191 -19*5 

19-6 -19 7 1 

19-.'i -197 ! 

lAarine Animal 
Oils and Pin id 
Waxes. 

Sperm oils (Southern and Arctic), . 
Porpoise jaw oil, strained from solid fat, 
Porpoise jaw oil, unstrained, 

Dolphin Jaw oil, strained from solid fat, ; 
Porpoise body oil, . . . . | 

Dolphin body oil, 

Wliale oil, .... | 

Seal oil, 1 

Cod-liver oil, ..... 
Other fish liver oils, .... 
Menhaden oil, ..... 
Sardine (in cl uding J apan fish) oil,. 

1 

12-3 -147 

25-3 -27-2 1 

14*4 1 

290 

19*6 -21-9 

197 -20*3 

18'8 -19-4 , 

17 '8 -19-0 i 

16-8 -19*8 
► 14-6 -191 1 

18*9 -19-3 • 

18-9 -19-4 

Waxes (solid). 

Wool fat, .... "7! 

Spermaceti, 

Beeswax, . . . . . 1 

Caruauba wax, . . . . . ' 

1 

9-8 -10*2 

J2-3 -13-6 f 

8-8 -107 

7’8 - 8-4 


Blown rape oil, . . , . i 

19-6 -20'8 

Blown Oils. 

Blown ravlson oil, .* . ! 

20 0 

Blown cottonseed oil, t . j 

Blown seal oil, ..... 

21-8 -21 '6 

22 1 


■Mineral oil, 

) 

Hydyocafbons. 

Vaseline, ...... 

Paraffin wax and oerasin, . .1 

nil. 


* De Negri an^abrls, 203 samples! . , 

t LlverBeegejj(i^a/2/f^ 1904, p. 210; records a sample of ‘ shark oil ’ absorbius ouly 
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Weight of oil taken ; 2*6 grins. 

Volume of 5 acid used for the ‘blank,’ . . . 2‘)'05 c.c. 

„ „ „ sample, . * . . 10*55 c.c. 

N 

Difference ; = - KOH required for saponification, . 16'50 c.c. 

Therefore, 100 grms. of oil reixuired 15*5 x 0*02807 x 40= 17*40 grms. 
KOH for coinplete saponification; i,e. the saponification value is 17*40 
per cent. 

I’hS quantity of potash used in this test should be largely in excess of the 
quantity required for saponification, and if it should be found on titrating 
with acid that the potash added has been nearly all used up, the test must 
be repeated, either with less of tlie oil or with a stronger potash solution. 
In general, correct results will be obtained by adhering to the proportions 
given above. 

(/j) In teihnij mixed fatty and mineral oils^ especially when the propor- 
tion of mineral oil is large, it is safer to attach the flask, by means of a good 
ordinary cork, to a reflux condenser, and boil for an hour or more to ensure 
complete saponification, the ‘ blank ’ quantity of potash solution being boiled 
in the same way and for the same length of time. In testing two or more 
oils at the same time, if there are not enough condensers, the potash solution 
should be measured into all the flasks, and those which have to wait kept 
closed with rubber stoppers until condensers are available, each liquid being 
titrated with acid as soon as it has been removed from the condenser. Wool 
fat would not be completely saponified in this way, and must be lieated in a 
closed bottle under pressure with double normal alcoholic potash for about 
two hours (see p, 227). 

(c) I’he terms ^ saponifimtion mfuef ^ Koetfstorfer valm^ ^alkali 
vahte^^ employed by various authors, have the same meaning. The 
term ‘ saponification equivalent,' used by Allen, ^ means the weight of 
oil or fat saponified by 56*1 parts of potash, or by one e^^’ivalent of 
any other alkali. 

saponification value (%) : 100 : : 56*1 : the saponification equivalent, 

the saponification equivalent = ^ — . 

the saponification value 

^’’he saponification equivalent of any glyceride is one-third of the 
molecular weight ; in the case of the ester of a monohydric alcohol it 
is identical witli the molecular weight, and the same is true of the 
free fa tt/ acids. 


D. -APPEOXIMATE ANALYSIS OF MIXED 
LXJBEIOATING OHS. 

It is obvious that the composition of a mixture of mineral oil and 
a single known fatty oil can be calculated from the saponification 

’ 0(fmml, Org. Anai., vol, ii. ptfi. p. 53. 
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value of the mixture. Thus, if a mixture known to consist of rape 
oil and mineral oil have a saponification value, per cent., of 8'2, the 
percentage of rape oil in the mixture must be nearly 8*2 x 100-rl7’3 
= 47'4, and the percentage of mineral oil 100 - 47*4 = 52’6. 

When the nature, and therefore the saj)onification value, of the 
fatty constituent is unknown, the possible error of the method becomes 
greater, but (Iripj)er ^ has shown, by the analysis of several mixed 
lubricating oils, tluit the results obtained are sufiicieiitly correct ff>r 
commercial purposes when rapidity is of supreme importance. He 
adopts 20*08 per cent, as the mean saj)onification value of tlie fatty 
constituent, and, considering the extent to which blown rape oil is 
used in the pre{)aration of commercial lubricating oils, this figure 
would bo likely to give good results in, perhaps, the majority of cases. 
Very nearly the same result woidd be obtained by taking the whole 
number 20. Then, the saponification valiu', per cent, of the mixture, 
X 5 is the approximate percentage of saponifiable oil, and the 
percentage of mineral oil is obtained by subtracting this number 
from 100. 

After determining the saponi'lcatiou value, Gripper again raises the 
alcoholic litpiid to tin*, hoiling-point and pours it on to a filter pa})er which 
has hcjcn saturaterl with boiling water. The alcoholic solution of .soaj), etc., 
quickly runs tliroiigh, leaving the greatei* part of^e hydrocarbon oil on th.e 
filter. After washing once with boiling water, tlie specific gravity of this 
oil is determined hy the alcohol method (p. 17H). 


E.— DETEEMINATION OF TOTAL UNSAPONIFIABLE 
MATTER. 

If the solution obtained by saponifying a mixed fatty and mineral 
oil with potash or soda be shaken with an immiscible solvent, such 
as ether or petroleum ether, or if the dried soap be extracted with 
petroleum ether or (diloroform, all the unsaponifiable hydrocarbon oil 
is dissolved out, and may be obtained in a separate state by evapora- 
tion of tlie solvent, and the amount determined by weighing. 

Commercial fixed oils and fats, (juite free froni,added hydrocarbons, 
wntain small quantities of unsiiponifiable substances which, uniler 
similar circumstances, are extracted by the sl^vcnt ; but in most cases 
the natural unsaponifiable matters (chiefly phytosterol, cholesterol, 
etc.) do not amount to more than from I to 1*5 per cent. "Wie waxes, 
however, such as- sperm oil, wool fat, beeswax, and carnauba wax, 
yield *on saponification, instead of glycerol, monohydric alcohols which 
dissolve'^in the ether and may amount to' from 35 to 55 per cent, of 
the wax saponified. Shark liver oilVlso frequently yields on saponi- 
fication- considerable quantities of solid alcohols. 

In the analysis f)f lubricants, therefore, the determination of the un- 
saponifiable matter isaiot^nly^ means of separating and determining 

Chem, iV^?/?5,’|lxv. (1892), p. 27/ 
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the proportion of hydrocarbon oil present, but it is also a means of 
identifying sperm oil and the waxes, ascertaining their.' p^ufity, and 
determining their proportion in mixtures. 


T. (General method for the determination of imsaponifiable matter 
in an easily saponifiable oil, fat, or fiuid wax, such as rape 
oil, sperm oil, etc. 

Tlie iol lowing reagents are rc({uircd : — 

Caustic Soda Solution . — 250 grins, of pure caustic soda from sodium are 
dissolved in cold water in a deep porcelain basin, and the solution, when 
cold, is made up to 500 c.c. if not clear, it may be filtered through ordi- 
nary filter paper. The solution is jireserved for use in a bottle closed by a 
rubber stopper. 2 c.c. contain, approximately, I grm. NaOH. 

Alcohol . — Methylated alcohol free from naphtha may be used, but pure 
lectified alcohol of 0*830 sp. gr. is preferable. 

Ether. — Redistilled methylated ether of sp. gr. 0'V25. 

(a) The Process. — Pour about 10 c.c. of the oil into a very small lipped 
beaker and bxke the exact weight. Then take a deep lurcelain basin, 
5j inches in diameter, and a glass rod, both dry, and pour oil out of the 
beaker into the basiu until exactly 5 grnis. have been transferred. If a little 
too niuc-h is j)uured, it can be returned to the beaker in drops on the end of 
the rod. A solid fat is weighed similarly, hut is taken out of the beaker on 
a spatula, which is subseep lently rinsed into the basin \^ith a little boiling 
alcohol or a few drops of ether. 

Mix, in a stoppered cylinder, 4 c.c. of the caustic soda solution and enough 
alcohol to make 50 c.c ; pour this into the basin, and \)oi\ (jenthj over a small 
Argand-Bunsen flame, with stirring, until most of the globules of oil have 
disappeared. Then cover the basin with a clock glass and keep the lifpiid 
gently boiling until it has become concentrated to about 12-15 c.c., which 
should be made to take at least half an hour bo as to ensure thorough saponi- 
fiwition. If the Ihpiid should concentrate too rapidly, add 
25 or 50 C.c. more alcohol and boil down again. The basin 
should be supported on a perforated disc of asbestos mill- 
board to protect the sides from being overheated by the 
flame. Pour the hot soap solution into a globular separating 
funnel of about 300 c.c. ca})acity (fig. 71), ‘ previously heated 
by rinsing with hot wa..cr in order to prevent cliilling and 
soliditicaitioii ot the soap solut ion, and rinse the basin with 
small quantities of very hot water until all the soap is trans- 
ferred. The volume of liquid in the sejxirator smould not 
exceed ahoflt 70-90 c.c. Pour, carefully, on the still hot 
liquid about 100-120 c.c. of ether, insert the stopper, and 
whilst holding the stopper and tap firmly fixed, shaktp the 
separator, at first cautiously, rii^er a running tap of cold Fio. "l. -j-Separ- 
water, for at least one minute, not too vigorously, so as to ating Fimuel. 
thoroughly mingle the ether and soap solution without' 
emulsifying them. Then place the separator in a stand. ^ One of four 
things will now happen. 

h Made by cutting all but about li inches of the stem off a bulb funnel, and 
filing the end obliquely. • ^ 
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(a) The liquids will separate into two distinct layers, about equal in 
volumo, the upper one an ethereal solution of the iinsaponiliablc matter and 
the lower a solution of soap. This is as it should be. 

(jS) The liquid will se]»arate into three well-defined layers, or into two 
layers of whieli the upper is of much less volume than the lower. This 
shows that too much alcohol is present. Add small measured (piautities 
of cold water, 5 c,.c. at a time, and re-shake cautiously until the liquid 
separates into two layers only, of about equal volume. 

(7) The liquids will nut se])arate, but present the apiieaiance of a nearly 
traiisjmrent homogeneous fluid. Probably too much alcnhol is present ; 
if so, the cautious addition of small quantities of water, as in (/S), wib cause 
separation to occur. 

(5) The liquids form an opaijue mscid emnUion. In this caS'C there is 
juobably not enough alcohol, and the remedy is to add more alcohol, 2 or 
3 c.c. at a time, aiul cautiously mix until sejwiration into two layers occurs 
either at once or on standing for a few minutes. 

When the liquids have priqierly scjiarated (allow about ten minutes for 
comjilete separation to occur) (Iraw off the layer of soap solution into 
another separal or.^ Shake this again with ether (using about 70 c.c. this 
time), run it off into a third sejiaiator, and shake a third time with ether. 
Then mix all three ethereal lave**.- in one s^jiarator, wash twice, each time 
with 10 c.c. of a 1 per cent, caustic soda solution c-ontaining 10 per cent, of 
alcohol, then wadi six times with pure waUr, using 10 c.c. each time. 
Thoroughly drain off the water, pour the ethergfl solution (in two portions) 
into a light, wide-necked, B-oz. flask, jireviously weighed, and distil off the 
greater part of the ether from a hot water-1 with. Then plac,e the flask 
on the top of the water-oven, and h‘t it stand there until the ether and 
water have entirely cvaporat.ed. The evaporation of the water may be 
hastened by surrounding the flask with a beaker from which the bottom has 
been removed, and by Ireqnently niiming the liquid round the sides of tbe 
flask. Then let the flask cool, and weigh it. Replace it in the oven for ten 
or twenty minutes, cool, and re-weigh. Rejieat this until practically constant. 
By subtracting the tare of the empty flask, the weight of unsapoiiitiahle 
matter in the T) grins, of oil taken is obtained. 

If the above directions are carried out, the whole operation, from weighing 
out the oil to the final weighing of the unsaponiJiabh* matter, can be com- 
pleted within three hours. Ordinary ether is preferable to juitrolenm ether 
lor extracting the unsajionifiahle matter ; it boils at a hmer and a constant 
temjierature, evaporates more readily, and leaves yo residue. Petroleum 
ether can be pui’cliased which is completcdy volatile at 60" 0. ; but it «mwst 
always be tested, and, if found impure, must be re-fractionated, nqecting 
all that boils above 60" G. When ordinary ettier is used, it may be com- 
pletely eva])orated at such a low temperature tliat light mineral oil, which 
IS sometimes used for adulterating rajie and other oils, can be detected and 
determined without a])preciahle loss. Lewkcwitsch lias point- -d out that 
ordinary ether usually extracts larger quantities of soap than jjetroleum 
ethe'' ;‘but^ for ordinary purpo.ses, the arnmint of soaj) extracted when the 
process 18 conducted as described abote is negligible, fn ceases where special 
accuracy is required, traciis of soap and saponifiable matter contained in 

^ Lei’ore renAtving the stopper, drop a little ether upon the outside of tho separa- 
tor and I ‘low upon it, so as to c«x)l the glass by evaporation ; this will reduce the 
pressure ol {he ether vapour inside, and will prevent drops of liquid from being 
expelled when the stopper is removed. 
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the product of the first extraction may he removed hy behing it with 
alcoholic, soda and re-extracting with ether; or, the unsapoijilied matter 
may be incinerated, as recommended by Lewkowitsch, and the soap ])resent 
calculated from the alkalinity of the residue. Petrideum ether is not such 
a good solvent for some wax alcohols as ordinary ether. Thus, Lewkowitsch 
describe.s an experiment in which a sample of shark liver oil gave 10 i)er 
cent, of unsa])()ni1ial)le matter, consisting of wax alcohols from spermaceti, 
when ordinary ether was employed, whereas petroleum ether only extracted 
from 1*38 to 3-73 per cent. 

(h) Mo(h'fu'jdi%n in jirtsmkce of tnuck Mineral Oil , — When much mineral 
oil is pT-esent, sajKmification in a basin is not a satisfactory method, bec.ause 
the oil d K‘s not entirely dissolve, but visible drops of mineral oil remain 
suspended in the liipiid, and a more vigorous and longer boiling is necessary 
in order to ensure comjilele saponification. In such cases, it is better to 
weigh the oil into a llask and boil it with the alcoholic soda solution under 
a reflux condenser for an hour or more. Then pour the contents of 
the flask into a basin, boil down gently to 10-15 c.c., and proceed 
exactly as directed above, rinsing the flask as well as the basin into 
the separator, first with a little hot wat.er and then with ether from 
the wash bottle. 

(c) Modijkatiomn 'preamce of Wool Fat.- Wool fat and lubricants con- 
taining it must be heated with alcoholic soda solution of double normal 
strength in a closed bottle under pressure for about two huurs to insure 
com])lete saponification.^ An ordinary 4-oz. reagent bottle of fairly thick 
glass answers very well for this ]uirpose, and after the oil or fat and the 
alkaline solution have been intnKluced- an indiarubber stopper ^ is inserted 
and tied firmly down with string, leaving a looji at the top. This loop is 
suspended from a glass rod or stout brass wire fixed hoiiziuitally over a can 
of warm water, so that the bottle is immersed uj) to the neck in the water, 
which IS then raised to the boiling-point and kejit gently boiling. If the 
bottle will not sink sufficientlv, a strip of lead may be wrapjied round it 
and fastened by an indiarubWr band. The bottle is removed from the 
water occasionally and the contents well mixed by civcular agitation, 
taking care not to splash any liquid on to the rubber stopper. When 
sajionification is complete the liottle is allowed to cool, the stopper is then 
taken out, the liipiid is poured into a basin and proceeded with ''r directed 
above. 

The formation of a layer of white in,wlii hie flocks between the aqueous and 
ethereal liquids is charac.teristic of wool fat., and often indicates its presence. 
Lewkowitsch has shown that these flocks consist (T an iusolnole soap 
formed from fatty ac’ds of high molecular weight ; they do not belong, 
the^’^fore, to the unsaponifiable matte i-, and should lie separated from the 
washed ethereal liquid by filtration through a small dry filter paper. The 
same device is often useful for removing drops of water which might other- 
wise find tiieir way into the distilling flask 

(d) Modifkaiion in 'presence of ]leeswa:c. — Owing to the sparing solubility 
of myricyl alcohol in most cold solvents, the above metiiod cannot be applied 
to the amilysis of beeswax, carnanba wax, and substances containing large 
quantities of myricyl alcohol.^ ' VVhen beeswax and carnanba wax are boiled 

' Lewkowitsch, Jour. Soc.<lhcm. Ind., xi. (1892), j>. 13/ ; ilerhig, %bid., xiii. 
(1894), p. 1068. " * 

® For 5 grms. of fat use 4 c.c. of 60 per cent, caustic soda solution diluted to 
?5 c.c. with absolute alcohol. 

3 This must be pure rubber, free from substitutes. 

Allen, Comml. Org. Aiml., vol. ii. pt. i. p. 49. 
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with alcoholic soJa solution under a reflux condenser, saponification readily 
takes ])lace, and a clear or almost clear solution is f)btaiiuid in a short lime, 
but, immediately the liquid begins to cool, not only the wax -alcohol but the 
soap (sodium cerotate) solidities on the .sides of the flask, and before the 
contents have become nearly cold they form an almost solid mass. The best 
way to proceed in such cases (which arc unlikely to occur in connection witli 
the analysis, of lubricants) is to extract the dry soap with chloroform as recom- 
mended by Horn and (Ti-ittner.^ Five grins, of the sample are boiled, 
until thoroughly .saponified, with 4 c.c. of bO per cent, laustic soda solution 
and 100 c c of alcohol in a tlask connectexl to a reflux ibnden.ser. The 
boiling-hot solution is jjoured into a liasin, the flask well rinsed out 
with small (quantities of boiling-hot alcohol, and the liquid evajiorated to 
a small bulk ovi;r a steam-bath, with stirring. Some coar.“>ely powdered 
pumice stone- is then added, and the contents of the basin are evaporated 
to dryness with continual stiiring, .so as to reduce the re^idue to small grains, 
and well dried in the .^team oven. Any .sofi]) adhering to the basin is sciaped 
oft' with a spatula, and the entire residue i.s transferred to a Soxhiet appar- 
atus and extracted with chlorobirm, which is subse(quently evaqioratecl and 
the residue weighed. The basin is rinsed into the aqijiaratus with hot 
chloroform before the extraction is commenced. Two hours’ extraction, if 
the apparatiKs is w(jrking well, will dissolve all the alcohols from 5 grins, 
of saponilied beeswax ; only traces are extracted in the second hour. 

Suflicient pumice must, be added to enables granular non jiaatv residue to 
be obtained. Sand, w'hich is sometimes recommended, is le.s.s suiUilde than 
coarse pumi(*e, and must, according to Grittner. .be qiurified from calcium 
carbonate by washing witli hydrochloric acid, ii^nhu- to qirevent the forma- 
tion of lime soaps which nire soluble in chloroform, (flihu’oform is used in 
T)reference to peti oleum ether, as it does not dissolve the soda soap. It is, 
however, desirable to make sure that the unsajionitiable matt{*r is five from 
soap by determining the ash of a qioition, as recommend(‘d by Lew'kowitsch. 
It is also desirable liefore evajiorating the soaq> solution to add sutficient 
sodium bicarbonate to conveit the excess of caustic soda into carbonate (2*1 
grin.s. NaHGO-, for 1 grin. NaOII). If jietroleum ether be used, this 
is essential. 


II. Determination of Small Quantities of Saponifiable Matter 
in Mineral Oils. 

In the analy.sis of mineral oils containing small quantitiej of fat or re.sin, 
it is preferable to determine the fatty or resin ac.ids a,.-* diiscribed in section 
Q (p. 235), and the bydrocarbon oil by difference. The percemtagt; of 
fatty acids obtained, divided by 0*95, will give, •pproximately, tbe percent- 
age of fatty oil. 


F.--C0MP0SITI0N AND IDENTIFICATION OF 
UNSAPONIFIABLE MATTEKS. 

The unsaponifiable matter obtained in the analysis of lubricants 
may be expected to contain — 

^ Jour. Soe. Chem. lnd.^ vii. (1888), p, 696, and ix. (1890), p. 772. 

2 The fragments of pumice |hould pass througli a sieve having 11 meshes to 
the linear inc^h, and should contain no powder which wiK pass a 24-mesh sieve. 
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Hydrocarbons ; including 

Mineral oil from petroleum or 8hale, 

Bosin oil, 

(Neutral tar oil from coal tar), 

Hydrocarbons from distilled wool grease. 

Paraffin wax or cerasin, 

Vaseline, 

Wax Alcohol^ from sperm oil, wool fat, etc.. 

Cholesterol, from wool fat, liver oils, and all other 
anaiial oils and fats, 

Isocholesterol from wool fat. 

Phytosterol, from vegetable oils and fats, 

Golourintj matter (tracfr)^ 

Unm))onijie(t oil or fat ^ 

Soap. 

I. Hydrocarbons, whether lupiid or solid, may be identified by 
their sparing solubility in alcohol. If a small drop of the unsa])oni- 
fiable matter on the end of a thin glass or platinum rod, or in a 
platinum wire loo}), be immersed in a little cold rectified alcohol in 
a test-tube which is held up between the eye and a window, pure 
hydrocarbon oil will show no sign of solution, and the drop will 
probably appear fiuorescent at the edges ; but, if wax alcohols from 
sperm oil be present they will (piickly dissolve and cause visible 
stream lines in the li(]uid. If the uns{i])onifiable matter be solid the 
solvent alcohol may be gently warmed, sufficiently to melt it. 

(a) I^'fuoreKcence is a very character stic property of hydrocarbon 

oils, though all do not show' it. Distuict fluorescence of the un- 
sapoiiifiable matter or of its ethereal solution ])roves the presence of 
hydrocarbons ; but a non-fluorcscent appearance does not prove their 
absence. If the fluorescence be not readily observed, Allvii recom- 
mends laying a glass rod, previously dipped in the oil, on a table in 
front of a window, so that the oily end of the rod projects over the 
edge of the table away from the window and can be seen against the 
dark background of the floor. Another plan is to make a broad 
streak of the oil on a piece of black marble, or on a sheet of glass 
lying on black paper or cloth. The fluorescence of hydrocarbon oil 
is, as a rule, greatly intensified by solution in ether, w’hich frequently 
leads to •its detection while the unsaponifiable matter is being 
extracted. Mineral oils which have been ‘debloomed’ by chemical 
treatment (sec p. 98) regain their fluorescence bj^ treatment with an 
equal measure of strong sulpb uric acid {ALUn). • 

(b) Hydrocarbon oils arc unacced upon when submitted to the 
acetylation ted (p. 243). If the^msaponifiable matter after treatment 
wdth acetic anhydride has no saponification value, hydrocarbons alone 
are present. 

(c) If the unsaponifiable matter consists entirely of hydrocarbons, 
the specific gravity sliould be determined by the alcoJiol method 


I "Liquid at 
- tlie ordinary 
j temperature. 

\ 

Solid or 
' semi-solid 
, at the 
ordinary 
temperature. 
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(p. 178). Mineral lubricating oils (including also vaseline and 
parattin wax) usually range in specific gravity from about 0'8G0 to 
about 0*947 at 00“ F., though the sp. gr. may go as high as 0*99 ; 
rosin oil is heavier, usually ranging from about 0*96 to 1*01 ; tar oils 
always exceed 1*0 in s})ccific gravity and will therefore sink in water. 
For the examination of mixtures see section 8 (p. 295). 

(d) Vaseline at the ordinary temperature is semi-solid, soft, and 
amorphous ; paraffin wax is more or less hard and crystalline. Allen 
lias shown that although in the solid state these substances are 
nearly of the same specific gravity, their densities in the liquid state 
it the temperature of boiling water are widely different ; his results 
ire summarized in the following table : — 


specific Gravity. 


Oescriptioi). 

Solid, at V. 

' Melted, at — C. 


j 

IfrS 

Vaseline (9 samples). 

. j 0-86(;-0*9U9 

1 

' 0*804-0 855 

Paraltiii wax (7 sauqiles), 

. i 0*8(J7-0*i)l 1 

1 0*748-0*757 


Allen’s results at 99° were obtained with the Wcstphal balancCj 
find as no corre(?ti()n w'as made for the expansion of the plumnietj 
they are about 0*002 too high (Alder U nt/ht). 

(e) Mineral oils absorb variable amofints of iodme, according to tin 
proportion of unsiiturated hydrocai'bons contained in them. Paraffii] 
w'ax and cerasin absorb less than 5 per cent, of iodine, vaseline 
absorbs rather more, and the fluid oils aDsoib up to 23 per cent, 
(see Table LXVMll., p. 250). llosin oils absorb from 43 to 48 pei 
cent. (Valenta). 

II. The Wax Alcohols which most frequently occur in lubricants 
are those derived from S}<erm or hoWenose oil. Their nature is at 
present unkifown. Wfien obtained from pure /perm or bottlenosc 
oil, they are crystalline and almost colourless,^ having only a very pah 
greenish yellow* tint. Their consistence at thp ordinary temperature 
is that of solid, soft fat, and they melt at 23*5° to 27*5*H1. The} 
dissolve easily in warm rectified alcohol, and the solutioh remaint 
clear on cooling ; if, therefore, the ‘ unsaponifiable matte" ’ from f 
grms. of oil is conTpletcly soluble in about 2 c.c. of cold rectifiec 
Bil(;ohol*of sp. gr. 0 834, and remains diear on adding 50 c.c. mor( 
rec.tified alcohol,^ it cannot contain 'an appreciable quantity of hydro 
carbons, and j^robably consists entirely of the mixed alcohols frou 

^ Nash {Awdyst, 1904, p. 3) lias sliown that a solution of sperm oil alcohols ii 
ibsolute alcohol, and even in rectified alcohol, unless much diluted,* dissolvei 
mineral oil freely. Ab8(fiute»alcoh*ol must, therefore, yot be used for detecting 
mineral oil iip^perm oil. 
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sperm or bottleiiose oil. These alcohf>ls may be furth('r identified by 
their iodine valne, GO-70 per cent. ; by their specific gravity at 

C., about 0*827 ; and by the acetylation test described on p. 243. 
When mixed with twice their volume of acetic anhydride, they 
dissolve easily when j^ently warmed, and tlie solution remains clear 
on cooling ; the mixed acetates have a sa])onificatioji value of 16*1 to 
19 0 per cent.^ficcor<ling to Lewkowitscli. 

III. The Mixed Alcohols from Wool Fat are pale yellow, have 
the characteristic odour of wool fat and the consistence of wax. 
Melting-point, 44°-48" C. Iodine value, about 35-40 per cent. 

Specific gravity at (t, about 0*957. They dissolve readily in 

warm i*ectified alcohol ; but on cooling ev(m a dilute solution, partial 
precipitation occ\irs. lly fractional crystallization from a liot, strong 
solution ill alcohol or ether-alcohol, crystals of cholesterol arc obtained, 
which may lie identified by their melting-point crystalline form, and 
colour reactions (sec p. 292). The mixed acetatijs formed by boiling 
the alcohols with acetic anhydride re(piirc from 15*1 tf) 16*1 percent, 
of potash for saponification. These properties easily distinguish the 
wool fat alcohols (when pure) from those of sperm and bottleiiose oils. 

IV. Beeswax and Carnauba Wax are unlikely to occur in the 
analysis of lubricants, 'flic presence of either wax could scarcely fail 
to be indicated by the insoluble character and conijiaratively high 
melting-point of the myricyl alcohol formed by saponification. This 
alcohol, mixed in the case of beeswax with some hydrocarbons, is the 
chief constituent of the ‘ unsaponifiaMe matter’ of both waxes; it is 
white or pale y(dlow in colour, very bard and brittle, soluble with 
difficulty in even boiling alcohol, and almost entirely crystallizes out 
on cooling. Melting-point of the products from beeswax, 76” (owing 
to the hydrocarbons present), and from carnauba wax, 8r/. Saponi- 
fication value of the mixed acetates from beeswax, 10 per cent., and 
from carnauba wax, 1 2 per cent. 

V. Cholesterol and isocholesterol form a large proportion of 
the unsaponifiable matter of wool fat. Cholesterol also occurs in 
sncaller quantity in liver oils (shark liver oil, cod-liver oil, etc.), and is 
characteristic of animal oris generally. On the other hand, a very 
similar substance, phytosterol, the ‘cholesterol of plants,’ is found 
in the ufisapoiiifiable matter of rape and other vegetable seed oils, and 
olive oil. All three substances are monatomic alcohols of the 
aromatic series, generally regarded as isomofii^ and having the 
formula Co^H^^O They aiT- colourless and tasteless crystalliwe bodies, 
of high melting-point, insoluble in water, sparingly soluble in cold 
alcohol, but easily soluble iu hoi alcohol, ether, and chloroform. 
I'hey may be distinguislic'd, when in a pure state, b/ their melting- 
points and crystalline forms, which arc given in the following 
table : — 
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Table LIX. 



! Cliolesterol. 

Isocholesterol, 

Pliytosterol. 

Melting-point, \ 

“C. j 

i 

1 

1 

j M8 *4-1 50 *8 

137-138 

138-143-8 

[Homer.)* 


[Bonier . ) * 

( 'rystalliiie fnnii, ' 

1 

Thin rhombic 
plfitoa of C. 2,511440 
- 1 - HoO from hot 
alcohol and ether. 

Anliydrous needles 
from chloroform. 

Flocks from dil- 
ute alcohol ; a jelly 
from concentrated 
alcoholic solution ; 
needles from ether. 

Tufts of i.eedles 

Irom hot alcohol ; 
anliydrous needles 
from ether and 
chloroform. 


* Point of complete fusion (corrected). 


According to Bonier, cholesterol and phytosterol wJicn present 
together cannot be separat(‘d hj crystallization. The melting-point 
3f the mixture in generj^ approximates to Unit calculated from the 
incl ting-points of its components. The mixture crystallizes in one 
form only, the crystals either approximating in form to phytosterol 
jrystals or, if cholesteiol be present in the greater proportion, differ- 
ng in form from the crystals of either body. 

To obtain the crystals, the unsaponifiablc matter from 50 grms. of 
)il should be boiled with a small quantity of alcohol and the solution 
iltered hot. 'Ihe crystals deposited on cooling must then be purified 
ly repeated re-crystallization, and examined under the microscope. 
They should be compared with the crystals obtained in the same 
A^ay from purcj samples of, say, rape oil (phytostf'wl)^ cod-liver oil 
'cJio}ester()l\ and wool fat {cholesterol and isockolesterol). (Compare 
^alkowski, Jour. Chem. Sac., 1888, Abs. 201.) 

For the detection of vegetable oils in animal oils, Bdmer > 
letermines the melting-point of the cholesterol (phytosterol) aceUite. 
The points of complete fusion of the pure esters a/-e as follow : — 

Cliolesterol acetate, . . . 1 U’.T - 114*8“ C. (corr.) * 

Phytosterol „ . . . 125 6“ - 137° C. (corr.]^ 

The I'cocess . — The unsaponifiable matter is isolated from 100 
frms. of the oil or fat by sajwnitication and shaking out the soap 
olution with ether, •and is purified by resaponifi cation and again 
ixti*actitfg with ether. The extracted mfttter is then dissolved in a 
ninimum quantity of absolute alcohdl, allowed to crystallize, and the 
rystals are examinee! microscopically to d(jtermine wliether they 
onsist of ph/tosterol, cholesterol, or a mixture; they are then 
eturned to the alcohol and the latter is evaporated off. 2-3 c.c. of 

TJnttrmch. Ndhr. Qenussm.^ 190\, fv. 1070. 
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acetic anhydride are next poured over the dry residue, the dish is 
covered, tlie liquid is heated over a small flame until it boils, and the 
excess of acetic anhydride is evaporated off* ever a water-bath. The 
acetic esters thus obtained are dissolved in hot absolute alcohol (10 
to 25 c.c. for O'l to 0‘3 grm. of esters), a few c.c. more alcohol being 
added to prevent immediate crystallization, and tlie clear solution is 
left to slowly evaporate at the ordinary temperature. When above 
half of it has qyaporated, the crystiils are collected on a very small 
filter and recrystallized from 5 to 10 c.c. of absolute alcohd, the 
process of recrystallization being continued so long as the material 
lasts. The melting-point of the crystals is determined after the 
third and each subsequent crystallization, and if the temperature of 


Tablk LX.—Perckntagk of Unsaconifiable Matter obtained 
FROM SOME Fixed Oils, Fats, and Waxes.' 


Name of Oil, etc. 


Fiisaponiflable Matter per cent. 


Olive oil, . 
Arachis oil, 
Castor oil. 
Palm oil, . 
Kape oil, . 
Ilavison oil, 
Cottonseed oil, 
Sesiune oil. 
Maize oil, . 
Linseed oil, 
Hempseed oil. 
Poppyseed oil. 
Tallow, 

Lard, 

Porpoise oil, 
Seal oil, . 
Sardine oil, 


0-75-P50 

0-54-0-91 

0-30-0-37 

1*25 

0'r)8-P30 
P4r>-P66 
0*73 P85 
0{)f)-l -32 
1*35 1-71 
0T)0 I *28 
100 
P15 
0*50 

0-23-0-30 

0-67 

0*24-1 -4 
0*56-1*44 


ITndei' 

2 jier cent. 


; Whale oil, 
j Cofi-liver oil, . 

I Shark liver oil, . 

, Menhaden oil, . 
Sperm oil, 

Arctic sperm oil, 
I Wool fat, . 

! : Spermaceti, 

; Beeswax, . 
Carnauba wax, . 


i 

( • 


0*65-3*7 

0*46-2*68 

Very variable ; from 
0*7% to 21*8% have 
been recorded.'**^ 
0*60- 2*2 

36*3-41*5 


3«*7-55*l 

51*5 

•52*3-65*3 

52*4-55 


2 per cent, 
and 
ov^r. 


* ^69 also note at foot of page 222» 
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complete fusion be 117“ C. (corr.) or higher, Bonier regards the 
presence of vegetable oil as certain. He states that from 1 to 2 per 
cent, of vegetable oils containing considerable quantities of phytosterol, 
such as cottonseed, aracliis, sesame, rape, hemp, popjiy and linseed 
oils, can be detected in animal oils by moans of this test ; and of other 
vegetable oils, such as olive, palm, and palm kernel, from 3 to 5 per 
cent, can be detected. 

For the separation of cliolesterol and phytosterol fr*>m mixtures of 
mineral oils and fixed oils, Marcusson saponifies, end shakes the 
alcoholic solution first with petroleum spirit to extract the mineral 
oil. He then drives oft’ the alcohol and shakes with ethyl ether 
to extract the cholesterol and phytosterol. 

The test is based upon Beimer’s observation that the higher 
aliphatic alcohols are not comi>letely extracted from an alcoholic soap 
solution by petroleum ether. 

Gill and Tufts {Jour. Amor. Chew.. Soc., xxv. 551) state that maize 
()il contains another alcohol, sitosterol, l)y which it can sometimes be 
identified as an adulterant in cottonseed oil. 

Cliolesterol gives several character istig colour reactions (see p. 292) 
which distinguish it from isocholestcrol, but not from phytosterol, 
which gives the same reactions. 

Table LXT. -PuoPER'riEs of the Mixed Alcohols, etc. (‘ Unsaponi- 
FTAin.E Matter') obtained pkom Waxes. 


■■■ j 

i i 

Properties of Mixed Alcohols, etc. 


I 

- 

— 


... 

Saponifica- 
tion Value 

Name of W' ax, etc. J 


specific 


Increase of 

of the Mixed 


Melting- 
point, “ C. 

Gravity at 

Iodine 

Weight on 

Acetates, 

j 

0. 

Value. 

Acetylatlng, 

per cent. 

. . i 


KM)- 


per cent. 


Sperm oil, , ^ i 






23-6'-iJ7-6“ 

0-887 

69-6-60 -3 

15-7 

10-1-10-0 

Arctic sperm oil, / j 

Wool fat, . 

44'’-48“ 

0-957 

•36-40 

12-Z-127 

16-0-16-1 

Beeswax, . 

75"-76“ 

0-8-289 

• 

6-6- 7-7 

9-9-10 -3 

Camauba wax, . j 

85“ 

0-4826 


10-2 

12 3 • 

iJliolestcrols (theory), 



68-3 

11-3 ' 

13-65 

„ (experimental results by Lewkowit8ch),| 

67*7 

__1.J 

13-6 


JVotc.-*-Some of the resulta iti this table were obtained with siiigle samples of the waxes In 
4iuestion, and therefore require confirmation. 


VI. Unsaponified oil or fat will# not occur in more than traces 
if sapoiiifmation has been properly carried out, and Soap should 
not occur at all. If there be any reason to suspect the presence of 
either, the ether residue^mu^ be. purified by boiling it with alcoholic 
soda (say^ C.c. of 50 per cent. NaOH solirtion and 25 c.c. alcohol) 
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under a reflux eoiidenser for half an hour and re-extracting with 
ether after evaporating off the alcohol and diluting with water. If 
wool fat ]>e suspected, the resaponiffcation njust be conducted under 
pressure with alcoliolic soda of double normal strength. 


G. -DETERMINATION AND IDENTIFICATION OF THE 
, SAPONIFIABLE OIL IN MIXED OILS. 

In the analysis of lubricating oils consisting of a mixture of 
mineral oil and fixed oil, it is usually sufficient to determine the 
sa[)onifiable oil by difference. But it is often necessary to liberate 
the fatty acids from the soap solution, in order to identify the fixed 
oil, and this may easily be done quantitatively, giving a number from 
which the percentage of fixed oil can be calculated. The details of 
manij)ulation are a continuation of the process for determining the 
total unsaponitiable matter. (K, p. 221.) 

The. soaj) solution, which has been freed from mineral oil and other 
unsaponiliahle matter by shaking three successive times with ether, is mixed 
with the first two aqueous washings (»f the mixed ethereal liquids and 
tr(‘atcd with a suilicient exe.ess of dilute sulphuric acid to decompose the 
soap and liberate the fatty acids. The acid liquid is mixed with 50-70 c.c. 
of ether, well shaken in tJie .separator, and, after allowing sufficient time for 
the ether to rise, the a({ueous ]>ortion is drawn off into another separator, 
where, it is again shakiui with ether. The ethereal liquids are mixed 
together in one separator, thoroughly washed hy shaking six times with 
10 C.C. of jnire water each time, then poured into a fared flask, and the 
hulk of the ether distilled off. The flask is then placed on the top of the 
water-oven and heated, until all water and ether have evaporated and the 
weight remains jiractically constant, 

111 tlic absence from the original sample of the following — 

Sperm a7i(1 hottlenui^e o//s, 

Parpoiar arid dolph in jaw oih, 

SJuirk liver oH, 

Palm nut and coconut oila, 

Wool fat, 

Blown oib, 

Soap, 

Resin, 

Free fatti^ acids, 

Gie pereeutago of fatty acids obtained, 0 957, will give, approxi- 
mately, the percentage of fatty«oil in the .sample. Fat^ acids exist- 
ing ill the original sample, either in tlie free state- or as soap, must 
previously be separated as described in the analysis of greases (p. 328). 
Kosiii aiflds, if present, must bo determined by Twitchell’s process 
(p. 238) and the amouitt deducted. 
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If the saponifiable oil consist entirely of blown rape or cottonseed 
oil the divisor becomes approximately 0 85 instead of 0*057, but 
special washing with Ikot water is required to remove the soluble 
fatty acids (see p. 237). In the presence of sperm oil and wool fat 
tlic problem becomes more complicated. The unsaponifiable matter 
in that case contains wax alcohols, and must be analysed ))y the 
acetylation process (p. 245). 

As there is no known means of separating, without i^lccomposition, 
a fixed oil or fat from a lieavy mineral oil, the identification of the 
fixed oil in such mixtures depends upon the identification of the 
mixed fatty acids. For this purpose, the following determinations are 
available : — 


1. The meUin(j-])uint (table on p. 205). 

lOHr 

2. The sp. gr. at G. (table on p. 185). 


3. The iodine ralne (table on p. 255). 

4. The saponification or nentralizalion value. 


The fatty acids used for the determination of the iodine value must not 
have become oxidized, otherwise a low result will be obtained. After 
distilling off the ether the flask should, therefore, he closed by means of a 
cork carrying tw(» tubes, in order that a currenl^bf dry carbon dioxide gas 
may be passed through the flask while heating on the steam-bath. 

The saponification or neutralization value is best determined in the same 
manner as the .saponification value of an oil or fat (p. 221), viz. — by heat- 
ing 2’5 gnus, with approximately .seminonnal alcoholic potash in excess, 
and titrating back with accurate seminormal hydrochloric acid. 33ieo- 
retically, it should be sufficient to dissolve the fatty acids in alcohol and 
neutralize with standard potash .solution in the cold, but if any uudecomposed 
esters, or lactones, are present, a low result is obtained unless the potash be 
in excess and the liquid luxated. 


Ill the absence of soluble fatty acids, the neutralization value of the 
nfixed fatty acids multiplied by the Hchner value of the oil will give 
the saponification value of the oil, i,e. the neutralization value x 0*957 
will give, approxiimitely, the saponification value of the oil or fat 
from which the fatty acids have been derived. • 


H.— INSOLUBLE FATTY ACIDS (HEHNEE VALUE). 

The process for (fetermiiiing the total fatty acids described in the 
precedhig section (p. 235) is based upofi the assumption that they 
are entirely, or almost entirely, insoluble in water and non-volatile, 
and such is, aS a rule, the case. A fow oils and fats, however, contain 
a considerable proportion of soluble and volatile fatty acids, notably 
cow's butter, dolphin jaw oil, and porpoise jaw oil. In such cases, the 
insoluble acids must be deternlined by a special process. H^ner was 
the first toishow that the percentage of insol lAde fatty acids contained 
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in genuine butter fat is fairly constant, and that by its determination 
the adulteration of butter with foreign fats can be detected ; the 
percentage of insoluble fatty acids contained in an oil or fat is 
tliercfore known as the ‘ Hehner value.^ 

It has been shown ^ that the changes caused by ‘blowing’ oils 
include a partial conversion of the insoluble acids into soluble and 
volatile acids ; the presence, therefore, of ‘ blowui ’ oil in castor oil 
would be indicated by a reduction of the percentage of insoluble 
fatty acids, o^ which genuine castor oil contains upwards of 95 
per cent. 

To determine the Hehner value of a fixed oil or fat, the fatty acids must 
be washed with boiling water until the washings are no longer acid. 
The following is a convenient method of oj)erating Saponify 5 grins, of 
the oil with alcoholic soda, as directed in E, I. (j>. 225), and after saponifica- 
tion is complete, evajiorate to dryness over a steam-ballt, and heat to 
remove alcohol. Dissolve the soaji in hot water, and rinse the solution into 
a beaker-flask, the total volume being about 250 c.c. Liberate the fatty 
acids with dilute siil])huric acid, allow to stand on the steam-bath until the 
fatty acids have melted to a clear layer upon the surface f f the liquid, then 
pour the whole luarefully into a .separating funnel previously rinsed with 
hot Wfiter. Support the sei»arator over a wet liltei* jiaper contained in a 
jacketed hot- water funnel, and allow the clear li(pi 1(1 to run into the filter 
at a sullichmt sjieed to keej) it nearly full. The filtrate should be bright. 
Do not allow tlu^ oily layer to jiass on to the filter, but return it, to the 
original heaker-flask, and having added about 150 200 c.c. of boiling 
water, thoroughly churn the fatty acids and water together by circadar 
agitation. Allow to stand again until the acids have risen, (arefully 
decant into the sejiarator, and run the aqueous portion through the wet 
filter as befori'. Repeat this washing five times more, but collect the last 
washing in a separate vessel, add a few drops of phenol phthalein solution, 
and find how much decinormal soda is required to produce a pink colour. 
Mak(‘ a similar experiment with the same quantity of the hot distilled 
watei* used in washing the fatty acids. If practically the same number of 
drops are required in both ex])eriments (disregard a difference of one or two 
drops) the washing is comidete. When this is the case, allow the insoluble 
fatty acid layer to pass on to the filter paper, and let the water drain away ; 
well drain, also tli rough the filter, the sejiarator and the heaker-flask. So 
long as the jiapt r re ilia ins thoroughly wet the fatty acids will not run 
through the jiaper. Tii-ansfer the wet filter paper containing the fatty acids 
to a(*dry funnel supjiorted over a small weighed beaker, and place it in the 
water-oven until the filter lias dried and the greater part of the fatty 
acids have drained through into the beaker. Then place tlie funnel contain- 
ing the oily filter paper over a weighed fla.sk, ancl when cold, thoroughly 
wa.sh tue paper with ether, allowing the latter to run into the flask, also rinse 
the separating funnel and the heaker-flask ^ with ethw, passing the liquid 
through the same filter paper. Then distil off the ether, and heat |^oth the 
flask and the small beaker until constant in weight. Deduct tlie weights of 
t' e two ve.ssel8, and the difference is the weight of the insoluble fatty acids. 

In the presence of hydrocarbons 4>r waxes^ the so&p solution obtained by 
saponification must first be extracted with ether, as described m E, I. (p. 226), 

1 Seep. 122. 

* These may be previously dried by placing them on the water-oven, or they 
can be rinsed with ether tirljjle wet. 
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then poured into a hasin, gently heated over a steam-bath, with a cover on 
the basin, to expel the dissolved ether, thoroughly boiled to evaporate the 
alcohol, and then acidified and treated as described above. 

Qualitative Preparation of Insoluble Fatty and Rosin Acids.— If it be re- 
quired merely to jjreiuire the insoluble fatty and rosin acids, without making 
a quantitative determination, the following method may be employed : — 
Sajionify in a basin, by thorough boiling with alcoholic soda, a roughly 
weighed quantity of the oil, sufficient to give rather more tlian the required 
quantity of fatty acids, using for every 5 grins, of oil 2 grins, of caustic soda 
(4 c.c. of a 50 per cent, solution). Dissolve the soap in belling water, and 
boil until ale-ohol is expelled. Add sufficient dilute sulphuric ^cid to 
liberate the fatty acids, gently boil until they form a clear layer on the 
surface of the liquid, tlien, by means of a large pipette with a flexible 
mouthpiece, draw off the watery fluid. Roil the fatty acids in the basin 
several times with water, drawing off the water with the jiij^ette each time, 
then pour them on 1,o a wet filter contaim‘d, if necessary (?’.c. if the fatty 
acids have a high melting-point), in a hot-water funnel, and wash with boil- 
ing water until the washings are jwactically neutral to litmus or phenol- 
phthaleiii. Pierce the filter, collect the acids in a dry beaker, and lieat in 
the water-oven until ([uite clear and free from visible water. 

Table LXll. contains the Hehner values of most oils and fats 
which are likely to occur in lubricants. 


I.— DETERMINATION OF ROSIN (COLOPHONY). 

The fatty acids obtained by either of the processes described in 
sections (I and H include the rosin acids, if rosin be present. If a 
determination of the rosin be desired, Twitchell’s process ^ is the best 
to adopt. It depends upon the fact that when a solution of fatty acids 
in absolute alcohol is saturated with hydrochloric acid gas the ethyl 
esters of fatty acids arc formed. Hosiu acids similarly treated in the 
cold are jiractically unacted upon, and can be separated from the 
esters by treatment with weak caustic soda solution in the cold, 
which dissolves the rosin acids, the esters remaining insoluble. The 
ietails of the process are as follow : — 

From 2 to B grins, of the melted mixture of faWy and rosin acids are 
poured into a dry tared conical flask of about 8 ozs. capacity, and, when 
3 old, the weight is accurately ascertained. The acids are dissolved in 
ihsolute ethyl ahtohol,''^ using 10 c.c. for every gramme of acids, and dry 
liydrochloric acid gas, in a moderate stream, is passed through the solution 
until saturated, the flask being kept quite cold by immersion in a basin of 
jold water.^ The hy^lrochloric acid gas may be prepared in a dry state by 
icting \ipon lumps of fused salt with coneeqj/rated sulphuric acid, and may 
ihen be passed direct into the liquid. The gas is rapidly absorbed, and the 

^ Jmir. Hoc. Chem. Ind.f x. (1891), p. 804. 

Methyl alcoliol is said to give lower results than ethyl alcohol. 

Evans and Black recommend the use of a tall cylinder surrounded by iced 
vater. ' Temi>crature must not rise above 20* C., nor must the stream of hydro- 
ihloric acid be too rapid ■; othewvise low results are obtained. Jour. Soc. C?iem, 
Ind.j xiv. (14^6), p. 689 ; also Analyst^ tx. (1895), 60. 
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Table LXIT. — TIehner Values. 


' Helincr Value. 

Name of Oil or Fat. ! Percentage of Insoluble 

; Fatty Acids. 


I Most vegetable and terrestrial animal oils 1 1 
and fats, exeept wool fat, . . . | 

l^ilrn Tint oil,\ 

Cocojint oil, 

Marine animal oils, except sperm and shark j j 
liver, but including porpoise body and ! ]• 
dolphin body oils, ... . ) 

; Porjioise jaw oil, .... 

1 Dolphin jaw oil, ..... I 

I Blown rape oil, 

I „ cottonseed oil, 

„ linseed oil, ..... 

1 „ seal oil, 

* Fox and Baynes ; mean i‘osnlt'<. 

esters sejiarate in oily drops. When the alcoholic liipiid is saturated 
(from 30-45 mimites are required), the flask is allowed to stand about half 
an hour longer to ensure complete esterification. It must not stand too long, 
otherwise low results are obtained. The liquid is then diluted with about 
five times its volume of boiling water, and heated on the steam-Kath until 
some of the alcohol has evaporated and the esters, with the rosin acids in 
solution, form a clear layer upon the surface. The contents of the flask are 
poured into a separating funnel, and the flask as well as the gas delivery 
tube are rinsed with ethei*, which is poured into the separator. About 50 
c.c. more ether are added, the contents of the separator are cooled, well 
shaken, and allowed to stand for the ether to rise. The acid liquid is drawn 
oil’ into another ae})arator and shaken again with a little ether, which is 
added to the first, and the ethereal solution is then washed once wdth about 
10 c.c. of cold water, which is drawn off. It is then shaken in the funnel 
wdth 50 c.c. of dilute caustic soda solution containing TO grin, of caustic 
soda and 10 c.c. of aDohol in 100 c.c., by which the rosin acids are im- 
mediately saponified apd dissolved. After drawing off the alkaline liquid 
intq^a second separator, the ethereal solution is again .shaken with about 20 
c.c. more of the weak soda solution, which is added to the first, and the whole 
is then decomposed with dilute sulphuric acid and shaken wdth ether to 
dissolve tl,i,e liberated rosin acids. The ethereal solution, after washing 
.several times with small quantities of cold water, is run through a dry filter 
pajter iiito a weighed flask, tlie ether is evaporated, f^jid the residual rosin 
acids are heated in the water-oven until constant in weight. They should 
be quite hard and brittle. The weight obtained, multiplied fOO and 
divided by the weight of mixed acids taken, gives the percentage of rosin 
acids. 

Lewkowitsch,^ who has extensivqly investigated this process, finds 
that the amount of rosin acids generally falls short of the truth. 

^ Chem. Ind., xii. (1893), p. 603. , 


95-97 

Average about 95*7 
91T 

83'8-90-5 

92-8-95-5 

Average about 94*1 

68-4 and 72-1 
G6'3 

84- 7) 

85- 5 } * 

8G-7 ) 

73-4 
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Evans and Black conclude that the loss is mainly due to iinsaponifiahlc 
matter contained in rosin, which is not dissolved by the caustic soda 
solution. Six samples of rosin were found by them to contain from 
5‘0 per cent, to 9 ‘71 per cent, of gummy matter unsaponifiable by 
alcoholic potasli. 


J.— VOLATILE FATTY ACIDS (EEIOHEET AND REIOHERT- 
MEISSL VALTTES). ^ 

The Reichert Process. — As has already been stated, a few oils and 
fats yield a considerable proportion of fatty acids soluble in water, 
and volatile when the li(piid is distilled. By distillation in a current 
of steam, complete separation of the volatile and non-volatile acids 
can be effected,^ but the process is very tedious. In Beichert’s 
process only a portion of the volatile acids are distilled over, but by 
working under strictly defined conditions uniform results are 
obtained 

In the process as originally described, - 2T> grins, of the fat were 
saponified with an alcoholic solution of caustic soda, tlie alcohol was 
completely evaporated off, the soap dissolved m 50 c.c. of water, decomposed 
hy adding 20 c.c. of dilute sulphuric achl and disUlled until exactly 50 c.c. 
had come over. Tlie distill.ite was then mixed with a few drojis of litmus 
solution and titrated with deciiiormal alkali, the numlierof cubic centimetres 
re^piired being recorded. Under these conditions, the distillate from cow’s 
butter recpiired not less than 13 c.c. of decinormal acid for neutralization, 
while the fats used in the manufacture of artificial butter required less than 
0*5 c.c. 

The Reichert-Meissl Process. — lleichert’s process has undergone 
a variety of modifications in detail,’^ and as now carried out saponi- 
fication is generally effected with a mixture of caustic soda solution 
and glycerol (L^ffmann and Beam), by which tlie evaporation of 
aicohol is avoided ; also 5 grras. of fat are used instead of 2 ‘5 grms. 
(Meisfil), by which the volume of standard acid used in titrating 
is nearly, but not quite, doubled. This process, which is chiefly 
useful in the analysis of butter, is required in <.he analysis of such 
lubricants as porpoise oil ; it may also find occasional applicaticTn in 
the detection of blown oils. The following reagents are required : — 

1. Ghjcefrol-Soda. — Made by mixing together 30 c.c. of aqueous caustic soda 
solution, containing 50 grammes NaOH in 100 c.c., and 170 c.c. of pure con- 
centrated glycerin. Jhis reagent is kept in a bottle closed with a rubber 
Btopj>er. ^ 

2. Dilute Sulphuric Acw?.— 30 c.c. of piAe concentrated sulphuric acid 
diluted with distilled water to 100 c.c.*’ 

1 Goldyiann, Zdt,, 1888, xii. p. fSS ; xiv. p. 216; xx. p. 317; Jour, 

Soc. Cfteui lud., vii. (1888), pp 238 and 348. Beal, Jour. Amer. Chem. .Vrv., 
xvi. (1894), p‘. 673; Jour. Soe. Chem. Ind., xiv. (1896), p. 197. 

^ Zeits.f. Anal. C'Aem.,“Xviii p. 68, 

® For a fuJJ account, sec Richmond, Analyst, xvii. (1892), p. 171. 
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3. DecinoTTnal Sulphuric Acidy accurately standardized. 

4. Caustic Soda Solatium of approximately dccinorrnal streugth. A 10. c.c. 
pipeltefiil of this solution must be tinted with ])henolphthaleiri and the 
strength determined hy titration with the decinormal sulphuric acid. 

5. Phenolphthalein Solution. (Seep. 216.) 

To determine the Reichert- Meissl valuCy a dry conical flask of 300 c.c. 
capacity is counterpoised on the balance. As nearly as pos'-ible 5 grins, of 
the oil or melted fat are dropped into the flask and the exact weight taken 
(in the case of a melted fat after becoming quite cold). 20 c.c. of the 
glycerol-soda ari^^addinl, and the flask is heated over an Argand-Bunsen 
thime turned i-atlier low. The liquid will foam, and to control this and 
liastcn the ojicration (he flask is frequently agitated. Heating and agitation 
are. continued un(,il jirac.tically all the water has been driven off, which will 
tfike about ten minutes ; saponification will then be complete, and the flask 
is withdrawn from the flame and the soap dissolved by adding 135 c.c. of 
cold v/ater. Tlui first ]>ortions of water should be added rirop by drop, and 
the flask shaken between each addition to avoid violent foaming. When 
the soap is dissolved, 5 c-.c, of the dilute sulphuric acid are added, a few 
small fragments of pumice are dnqiped in, and the licmid is distilled until 
110 C..C. have been Cfillected. The tube connecting the na'^k to the condenser 
should have a large bulb to arrest the splashings and return them to the 
flask. The condensing tube .should be of glass, and the rate of distillation 
sucli that the above amount of distillate is collected in about thirty minutes. 

The whole of tlie di.stillate, it clear, is mixed with about 0’5 c.c. of 
phenol phthalem solution, and as many 10 c.c. jiipettefuls of the standard 
(wuistic soda solution are added as are required to produce a strong crimson 
coloration; the licpiid is then carefully titrated with decinormal sulphuric 
acid until the crimson colour is just discharged. 

The distillate, if not clear, is passed through a dry ribbed filter, and 
iOO c.c. of the clear filtrate are titrated ; in this case, the volume of deci- 
iiornial soda iieiitrilized is increased by one-tenth. 

A blank distillation must be made to determine the amount of decinormal 
soda required by the materials employed ; with a good quality of glycerin 
this will not exceed 0*5 c.c. 


Examiu.e. 


5 grms. of blown rape oil gave 110 c.c. of distillate, which was filtered. 
100 c.c. of the filtrate were mixed with 10 c.c. of standard caustic soda solu- 
tion, and 4*76 c.c. of d jcinornml HgSO^ were required for neutralization. 


10 c.c. of standard soda required, 

^ Deduct, .... 

Difference = volume of decinormal alkali \ 
required for 100 c.c. of distillate, . . i 

sf- iigth, 

.*. Volume required for 110 c.g., . 

Deduct for blank experiment, . 


Reichert-Meissl value {volume of decinormal 
alkali required for 5 grammes of oil \ . 


9*78 c.c. ^ H<»SO^ 
4*76 C.C. 


^•02 

•50 

5*52 

•40 


I , 


512 


•16 
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This process is used most extensively in the analysis of butter fat,^ 
6 grms. of which, when genuine, usually yield a distillate requiring 
from 24 to 34 c.c. of decinormal alkali. Results obtained with other 
oils are given in Table LXIII. 


Table LXIII. 



Reichert Value 

llcichert-Meiasl Value 

Descriptiun of Oil, etc. 

= c c. of N/10 Alkali 

= e.c. of N/10 Alkali 

required for 2‘6 gnus. 

required for f) grma. 

Olive oil, 


0-45- 1-5 

Hazel nut oil, . 


0-99 

Arachia (earthnut) oil, 


0-0 - 1-6 

Castor oil, 

1-4 

1-1 - 4*0 

Croton oil. 


12-1 -13*6 

Coconut oil, .... 

3*5 - 3-7 

6-7 - 8-4 

Palm nut oil, .... 

2-4 

5*0 - C-8 

Palm oil, 

0*5 - 0-8 

0-7 - 1-9 

Rape oil, 

0*0 - fys 

0-0 - 0-8 

Curcas oil, 


0'28- 0-55 

Cottonseed oil, . 

0-3 , 

0*95 

Sesame oil, .... 

0‘36 (2-2)^ 

1*2 

Maize oil, . . . - . 

Linseed oil, .... 

0*33- 4-3 

0*0 - 0-9 

0-0 - 0-G 

0*6 

Poppyseed oil, . 

Sunflower oil, .... 


Tallow, 

0-25 

1-0 - 1-2 

Lard, . . ... 


0-0 - 1-1 

Horse fat, 

0%3 - 0*4 

1-6 - 21 

Sperm oil, . . . 

Porpoise jaw oil (skimmed and 

]%3 - 1-4 

... 

strained), .... 

47*8 -56'0 

131 T> 

Porpoise jaw oil (unstrained), . 
dolphin jaw oil (skimmed and 

2'1 


strained), .... 

65-9 


Porpoise body oil, 

11-12 

46-9 

Dolphin body oil, 

5-6 


Whale oil, 

0-7 -12*5 

< 

Seal oil, 

0 07- 0-22 


Cod -liver oil, .... 

0*2 (1-1 -2-1) 

0*1 -0-4 

Menhaden oil, .... 

1*2 

«.. 

Wool fat (crude), 

... 

6-6 

Blown East India oil. 


5-26- 8’8 

„ ravison oil, . 


5*43 

„ * cottonseed oil, . 

k*’ 

• 

' 7-06 


■ standard method adopted by a Joint Committee of the Government 

jaboratory and the Society of Public Analysts for tlie analysis of butter*fat is a 
unification known as the Reichert* Wollny Process. (See the Analystt 1900« 
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It will be seen that the process is chiefly of value in the analysis of 
(besides butter fat) porpoise and dolphin oils and croton oil. It would 
not be of much service for the detection of blown oils, unless these 
were present in large quantity. 


K.— ACETYLATION TEST (THE ACETYL VALUE). 

The action of acetic anhydride (acetyl oxide) upon alcohols and 
hydroxy lated fatty acids is applied in the analysis of lubricants both 
in the examination of unsaponifiable matter containing or suspected to 
contain wax alcohols, and also in the analysis of castor oil. 

I. Acetylation of Alcohols. — When tiic alcohols arc heated with 
acetic anhydride they arc converted into acetates (esters), the liydrogen 
of their hydioxyl group or groups being replaced by acetyl, 

Thus, in the case of cetyl alcohol (from spermaceti) the following 
reaction takes place ; — 

Cetyl al(!ohol Acetic anliydrhV? Cetyl acetate Acetic acid 

Glycerol, 03115(011)3, is similarly converted into tri-acetin 
CgHgl 00.21130)3, but this reaction does not interest us here, since 
gylcerol does not occur in the ‘ unsaponifiable matter.’ Hydrocarbons 
are unacted upon. In the case of the monohydric alcohols, cholesterol, 
and phytosterol, the esters formerl are crystalline bodies, insoluble in 
water, which can be washed free from acetic acid and weighed. The 
saponification values of these esters arc characteristic, and afford a 
means of identifying the waxes, as well as a method of determining 
the proportion of a single known wax, such as sperm oil or wool fat, 
in a mixture containing hydrocarbons. The process is carried out as 
follows : — 

A quantity of not less than 2-3 grins, of the unsaponifiable matter is 
boiled with acetic anhydride in a small flask under a reflux condenser for 
half an hour. If the yield of acetates is to be determined, the weight of the 
subfe'i^ance taken must be exactly known, and the flask must also be tared. 

1 C.C. of acetic anhydride per grm. of substance is sufficient, but if the 
available weight of substance be small, 2 c.c. per grm. may be used in order 
to give a sdfficient quantity of liquid to boiL Tf the unsaponifiable matter 
consist chiefly of alcohols, it will dissolve completely in the hot liquid ; but 
if a considerable proportion of hydrocarbons are preAnt, they will float on 
the liquid, and may give rise to explosive ebullition ; in this castf, a few 
small fragments of ignited pumice stone should be droppeil into the flask. 

The contents of me flask are next diluted with boiling water and heated 
-over the steam-bath, with frequenf agitation, for a few minutes, in order to 
convert the unchanged acetic anhydride into acetic acid, which dissolves in 
the water, and to allow the esters, together with hydrocarbons if present, to'- 
rise and float upon the surface as an oily layer. The hot liquid is next 
poured upon a wet filtef, and if it be desired to ascertain the weight of the 



244 


LUBRICATION AND LUBRICANTS. 


icetylated product the flask is thorouglily rinsed on to the filter with smaU 
□nautities of boiling water, until free from acetic acid ; it is then placed 
in the water-oven to dry. The oily liquid in the filter is thoroughly wash^ 
with boiling water until the washings arc perfectly neutral, and the 
Alter is then placed bi a dry funnel over the flask in the water- oven until 
the acids liave run through. The oil absorbed by the filter paper is (after 
cooling) rinsed into the flask with ether (or with boiling chlorc^forin it 
inyricyl alcohol is present), the solvent is evaporated off, and the residue is 
weighed constant. The saponification value is then determined in the 
way on 2*5 grins., or the whole quantity may be used if^liot exceeding 2 o 
to 3 grins, in weight. 

Table LXIV. contains tlic results obtained by treating in this 
way the unsaponifiable matter (mixed alc<>hols) from sperm oil, 
wool fat, beeswax, and carnauba wax ; also the results theoretically 
yielded by some alcohols known to occur in fats and waxes. 


Tabi.k LXIV.— Results of the Acetvlation of Alcohols. 


Alcoliol. 

Formula. 

Formula of Acetate.^ 

Yield of 
Acetate per 
100 pts. of 
Alcohol 
(Theory). 

SaiHUiiflcation 
Value of 
Acetate, 
per cent. 
(Theory). 

Cetyl, . . 

' Octadecyl, 

; Ceryl, *. . 

i Myricyl, . ' 

I Cholesterol, \ \ 
j Pliytosterol, / 

c,„a,,0H 

c„n„OH 

C,oH.aO,CjH,0 

1 C.,;H5s0.0„H30 

1 c;h,„o.g;h,o 

1 c,,,H„o.c,n.,o 

1 __ 

117*35 
115*55 
' 110*61 
- 109*59 

111-29 

U)*76 
17*99 
! 12*81 
11*69 

13*56 

1 

1 ’ 






Unsaponifiable Matter (Mixed 
Alcohols, etc,), from 


^erra oil, 

Wool fat (crude), . 

„ (neutral),* 

I5eei»vax, 

„ (another sample), 

Carnaulia wax, 

.Cholesterol (pure),}; 


Yield of 
Mixe J Acetates] 
I>er cent. 
(Esperinient). 


115*71 
112*21 
112*7 
108*3 (?) 
106*46 
107*62 
110*17 


Saponification 
Value of 
Mixed Acetates 
per cent. 
(Experiment). 


18*55 
•s 16*06 
15*63 
15*32 
9*84 
10*26 
12*14 
13*49 


* Lewkowitsch, Jbur, Soc. Qhem. Ind., xi,^(189‘2), p. 188. 

•1 im„ XV. (1896), p. 14. t Ihi^n xL (1892), p. 143. 
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The alcohols of sperm oil are unknown ; according to Lewkowitsch 
they belong for the most part, if not wholly, to the ethylene series. 
The alcohols of wool fat are also partly unknown, but cholesterol and 
isocholesterol occur in them to a large extent, and ceryl alcohol also 
is present. Myricyl alcohol is the chief part of the unsaponifiable 
matters from carnauba wax and beeswax ; in the latter, hydrocarbons 
occur to the extent of 15-17 per cent., which accounts for the low 
saponification value of the acctylated product. Cetyl palmitate is 
the chief constituent of spermaceti, in which octadecyl alcohol also 
occurs'.' 

Analysis of Mixtures containing Sperm Oil or Wool Fat and 
Mineral Oil.- -(a) When a mixture containing sperm oil or wool fat 
and mineral oil is saponified, the unsaponifiable matter extracted from 
the soap solution by etlier contains the whole of the mineral oil 
together with the mixed alcohols of the wax, and in order to determine 
the percentage of mineral oil directly, the alcohols must he separated. 
No satisfactory method of doing this has yet been proposed. Both 
ordinary alcohol and acetic anhydride, even in the cold, dissolve not 
only the wax alcohols but also some of the mineral oil, and therefore 
the methods described by Horn ^ and Lobry de Bruyn - are not 
trustworthy. 

(()) The percentage of sperm oil in a mixture containing nothing 
else except mineral oil could easily be calculated, with approximate 
{iccuracy, from the saponification value of the mixture ; but when a 
second, perhaps unknown, fatty oil is present, this method is not 
available. Assuming that the third constituent of the mixture is not 
another wax such as wool fat, or a liver oil, containing much cholesterol, 
the problem can be solved by determining the percentage of total 
unsaponifiable matter, acetylating it, and determining the saponifica- 
tion value of the acetylated product. Taking the numbers for sperm 
oil given in the table above, and 38 as the percentage of mixed 
alcohols formed by the saponification, the percentages of mineral oil 
and sperm oil in the mixture can be calculated as follows : — 

, Let X — the percentage of total unsaponifiable matter yielded 
by the sample. 

fp y — the percentage of KOH required for the saponification 
of the acetylated product. 

Thm ®xj/xlOO _the percentage of mixed alcohols (o) yielded by 
’ 18-65 X 115-71 the sample. 

as - o =the percentage of mineral oil 

= the percentage of sperm oil. 

38 

' Jour. Soc. Chem. Ind., vii. (1888), p. 698. 

» Ibid:, iiii. (1894), p. 426. 
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To test the method, two mixtures of sperm oil aud ‘885 ’ pale mineral oil 
were prepared and analysed with the following results : — 


1 . Mixture coutaining 2 ‘parts sperm oil and 1 par^ mineral oil. 

Weight taken ; 5 grins. Percent. 

Unsaponifiable matter obtfiined, 2 *9706 grms. = 59*41 

Saponification value of the 1 « , 
icetylateci pi-oduot, 1 9'0r> l-er cent. 

59-41 X D Of) X 10(t <■ 

18-65 X 115-76 ' =* 

Mineral (hi found, 34*37 

„ taken, 33*33 


2. Mixture containing 2 parts ‘mineral oil and 1 part sperm oil. 


Weight taken ; 5 grins. 

Unsaponifiable matter obtained, 3*9892 grins. 


Saponification value of the 
acetyl ated product, 


j- 3*47 iier cent. 


Per cent. 

79*78 


7jn8x 3*47 X 100 
18*55x115*76 


12*89 

Mineral t^->found, 66*89 

„ ^ taken, 66*66 


Buisi lie’s process for determining hydrocarbons in beeswax, which consists 
)f heating the w^ax with potash-lime to 250" C., whereby the wax alcohols 
ire converted into fatty acids and soaps, from which the unchanged hydro- 
^rbons can be extracted by means of ether, ^ would lie applicable to a 
nixture of .sjicrm oil and mineral oil, but not to a mixture containing wool 
;at or cholesterol, since the latter remains practically unchanged (see 
Lewkowitsch, Jour. Soc. Chem.. Ind., 1896, p. 14). 


IJ. Acetylation of Hydroxylated Fatty Adda and Glycerides. 

Determination of the Acetyl Value. — The action of acetic c^n* 
lydride on hydroxylated fatty acids is similar to its action upon 
dcohols, the hydrogen of the alcoholic hydroxyl group or groups 
)eing replaced by acetyl. Thus : — • 

Ci7H,2(OH)OOOH 4 - (C 2 H 30)20 = CnH32(0.C2H30)C00H + 

Kjf^iuoleic acid Acetic anhydride Acetyl-riciiioleic acid Acetic acid 

a 

Benedikt and L lzor, believing that those fatty acids which contain 
10 alcoholic hydroxyl, such as stearic, oleic, and all the more 
!ommonly occurring fatty acids, are unacted on by acetic anhydride^ 
iroposed the following, method for the valuation of castor oil : — 

’ 8^ Lawkowitsch, Chem, Technology ^ etc.^ ard edition, p. 380. 
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BenediMs Method . — About 20 grms. of the insoluble fatty acids, prepared 
as directed on p. 238, are boiled with an equal volume of acetic anhydride 
for two hours in a flask connected to a reflux condenser. The contents 
of the flask are poured into a Jena glass beaker of 1 litre capacity 
and diluted with about 500 c.c. of boiling water ; the beaker is then 
placed on a thin disc of asbestos millboard, and the liquid is boiled 
briskly for half an hour with a cover on the beaker. To prevent explosive 
ebullition, a slow current of carbon dioxide is conducted through the liquid 
by means of a piece of thermometer tube reaching nearly to the bottom of 
the beaker. Tlk oil and water are allowed to separate, the aqueous liquid 
is siphoned off, and the oily layer is again boiled with water. After boiling 
in this way with three successive (piantities of water, the oil is poured on to 
a wet filter and washed with boiling water until the washings are neutral. 
The filter containing the acetylated acids is then removed to a dry funnel, 
which is placed in the water-oven over a dry beaker and left until the acids 
have run through. 

2*5 grms. of the dry acetylated acids thus prepared are weighed into a 
small flask, dissolved in about 10 c.c. of neutralized rectified alcohol, mixed 
with a few drops of jihenolphthalein solution, and very carefully titrated with 
seminormal alcoholic potash added from a burette until th^^ liquid is coloured 
faintly pink. The exact volume of potash solution used having been read off 
and recorded, about twice as much more is run into the flask from the 
burette, and the flask is then corked and boiled under an inverted condenser 
for one hour ^ ; the excess of potash is then determined by titration with 
seminormal hydrochloric acid, exactly as in determining the saponification 
value. The potash solution is standardized with the same acid. 

On the first neutralization with potash in the cold, the following reaction 
takes place : — 

Ci7 H32(0.C,H30)C00H + KOH - Ci7H3./O.C2ll3O)0OOK + HjO 

Acetyl-ncmolcic acid Potaasium acetyl-ricinoleate 

The percentage of potash required for this reaction was called by Benedikt 
the acetyl a^id value. 

By adding more potash and heating, saponification occurs, thus : — 
Ci^H32(0.C2H30)C00K + KOH = O^,B^,{On)0OOK + KC2H3O2 

Potasaium acetyl-iiclnoleate PotaaBiiini riclnoleate Fotaasium acetate 

the percentage of powish required for this reaction is called the acetyl value. 


Example. 

2 ‘6 gru^. of the acetylated fatty acids from a sample of castor oil required 
13-22 c.c. N/2 KOH for neutralization. 13*22 x 0 02807 ==0-3711 grm. KOH 
i\;(j[uired for 2*5 grms. = 14-84 grms. KOH for 100 grms. ; therefore, the acetyl 
aetd value was 14-84. * 

26-22 C.C. more N/2 KOH 'were added, and after boiling for «ae horn* 
13*41 c.c.of N/2 HCl were required for neutralization. Therefore, the acetic 
acid formed on saponification required 26*22 - 13*41 = 12*81 c.c. N/2 KOH for 
neutralization, = 12*81 X 0*02807 =0-3598 grm. KOH for 2*5 grms. = 14*39 
grms. KOH for 100 grins. ; therefore, the acetyl value was 14*39. 

^ A large excess of jiotash and long heating are necessary for the complete 
eaponifioation of the acetylated acids. 
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The results in the following table were obtained by Benedikt and 
Ulzer : — 

Tablk LXV.— Acetyl Values of Oils {Iknedih). 


Mixed Fatty Acids. 


Acetylated Acids. 


Description of Oil. 

Acid Value (KOfl 
required for 
neutralization), 
per cent. 

Acetyl Acid 
Value, f 
per cent. 

Acetyl Value, 
per pent. 

Arachis (earthnut), 

19*88 

19-33 

0*34 

Olive, .... 

1071 

19-73 

0*47 

Rape, .... 

18*25 

17*85 

0*63 

Peach- kernel, . 

20*25 

19*60 

0*64 

IIein]Xseed, 

19-94 

19*68 

0*75 

Walnut, . 

20‘4H 1 

1 19-80 

0*76 

Groton, . . 1 

20-10 

19-57 

0*85 

Linseed, .... 

20*13 

i:)-66 

0*85 

Sesame, . 

20-04 

19-20 

1*15 

Poppyseed, 

20*06 

10-4] 

131 

Cottonseed, 

Grapeseed {Horn), . 

19*98 

19*57 

1*66 



14*45 

Castor, . 

17*74 ' 

14*28 

15*34 

‘Blown oil,’ . . ’ . 


18*45 

6*22 

i 


The following results were obtained by Archbutt : — 


Description of Oil. 


Acetvl Vulu ' of the 
Insoluble Fatty Acids by j 
Benedikt's Process, ‘ 

per cent. 1 


I Castor oil, . 

, Blown East India rape oil, 
■ Blown ravison oil, 

Blown cottonseed oil, . 


5'^*8 

537 


Thus, castor oil is sharply distinguished from the other natural oils 
(except grapeseed oil) by its high acetyl value, less sharply from 
blown oil, though ^0 per cent, of the above sample of blown oil 
(Table JhXV.) would lower the acetyl vaUie of castor oil from 15*34 to 
14*43 per cent. • 

Lewkowitsch^ has shown that Benedikt’s method of determining th^ 
acetyl values of oils is subject to an important error, and that pure 
stearic, oleic, and other fatty acids which contain no alcoholic hydroxyl 

^ Proc. Chem. Soc. (1890),*pp. 72, ftl ; Jow. Soc. Chem. Ind., ix. (1890), 

p. 660. 
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may, neverthelesB, give considerable acetyl values when treated by 
Betiedikt’s process. This he explains by stating that the fatty acids 
when boiled with a large excess of acetic anhydride are converted 
more or less completely into anhydrides, as shown by the following 
equation : — 

2C,5H3^C()0H + (C2H30)20 = (C,3H3,C0),0 + 2CH3COOH 

Palmitic acid Acetic anhydride Palmitic anhydride Acetic acid 

W hen the at^tylated product is boiled with water, the greater part 
of thetinhydriae is reconverted into acid, 

(Ci3HsiC0)20 + H2O = 2CV,H3jC()()H, 
but a variable proportion remains unchanged, and does not coiiibiiie 
with j)otash m the cold ; thus the acetyl acid value is too low. On 
hoiliny with potash, however, the anhydride readily undergoes 
hydrolysis, and, by neutralizing potash, causes a fictitious acetyl value 
to be obtained. On this account, the acetyl values obtained by other 
observers have not always agreed with Benedikt’s numbers. 

In order to avoid the error due to the formation of i.itty anhydrides, 
Lewkowitsch has proposed to determine the acetyl value by distilling 
off and determining in the distillate the acetic acid formed by saponi- 
fication of the acetylated fatty acids. He has since proposed to 
acctylate the glycerides themselves. 

Lev]ko 7 rit 8 ch\'i Method, — 10-20 grins, of the oil or fat, from which free 
fatty acifls, if exceeding 5 per cent, in amount, should be first removed as 
directed on p. 218 (111 or V), are boiled for two hours with an equal 
volume of acetic; anhydride and then washed by boiling with three 
.succcssi\e half litres of water, for half an hour each time, as in washing the 
acelylated fatty acids in Benedikt’s ]>roces8 (p. 247 ). The acetylated 
glycerides are further washed on a wet filter until every trace of acid is 
removed, and finally dried in the water-oven. 

5 grins, of the acetylated oil are saponified by boiling for half an hour, 
under a reflux condenser, with 70 c.c,. of seminormal alcoholic potash. The 
soap solution is then rinsed with neutral alcohol into a porcelain basin and 
evajxirated over the steam-bath until the alcohol is expelled. The soap is 
dissolved in boiling avater, rinsed into a 12-oz. flask, and decomposed by 
adding exactly the volume (ascertained by a separate experiment) of semi- 
normal hydrochloric acid or sulphuric acid necessary to neutralize the 70 
c.c. of standard potash. The flask is closed by a cork carrying a long glass 
tube. The fatty acids Avill melt and form a clear oily layer on the surface 
f>f the liiniid, and the acetic acid, together with any soluble fatty acid 
presei t, will dissolve in the aqueous liquid. (In order to facilitate the 
separation of the fatty acids, a little mineral acid may be added, which 
inubt be carefully measured and allowed for in thff subsequent titration.) 
When cold, the aqueous Injuid is poured through a wet filter and the fatty 
ac ids are thoroughly washed with h«t well-boiled distilled water free from 
CO2 niitil the soluble acid is removed. This part of the process resembles 
the determination of the Hehner* value (p. 237 ). The filtrate, which must 
be perfectly bright, is then titrated with decinormal alkali, using phenol- 
phthalein as indicator, and, from the result, the number of grms. of potash 
required to neutralize the acetic acid formed on saponifying 100 grms. of 
the acetylated oil is calciflated. • 
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Table LX VI. —Acetyl Valuer of Oils (Lewlcomtsch). 


Class. 

Descriptiou of Acetylated Oil. 

True Acetyl Value. 

Per cent. 


Olive oil, 

Arachis (earllinut) oil, 

1-06 


f 0*91 

Vegetable 

Castor oil, 

14*67-15 05 

Non-drying 

Japan wax, .... 

1*73-2*66 

Oils and Fats. 

Coconut oil, .... 

0*09-1*23 


Palm nut oil, .... 

0*19-0*84 


Palm oil, 

1*60 

Vegetable 

Rape oil, 

1*47 

Semi -drying 

(Cottonseed oil, .... 

0*76- 1*80 

Oils. 

Maize oil, 

0*58 

Vegetable 
Drying Oil. 

Linseed oil, .... 

0*40 




Neatsfoot oil, .... 

0*22 


Lard oil, 

0*26 

Animal Oils 

Ilorsefoot oil, .... 

0*94 

and Fats. 

Animal oil, .... 

1*85 


Tallow, 

0*24 - 0*86 


Rone fat, 

1*13 


Sperm oils (Southern and Arctic), 

0*41 - 0*64 

1 

Seal oil, 

1*52 

Marine Aiiinuil 
Oils and 
Fluid Waxes. 

God-liver oil, . 

Fish oil (containing coast cod oil, 

etc.) ' 

Skate liver oil, . . . . * 

0*11 

>^•27 

1-01 


Shark liver oil, .... 

0’90 • 


Japan fish oil, .... 

1*16 


Wool wax, 

Spermaceti, .... 

Beeswax, . . . * . 

__ 

2*33 

Waxes (solid) 

0*26 

1*52 


Carnaul)a wax, . ^ . 

5*52 


• 

Blown East India rape oil (’962), 

4*66 

Blown Oils. 

Blown ravison oil (*968), . 

6-26 


Blbwn^cottoliseed oil (*979), 

6*42 

1 *- * 

• 
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Acetyl values determined by tlie foregoing method include the 
potash required to neutralize the soluble fatty acids present in the 
oil or fat; tlyj true acetyl values are obtained by deducting this. 
Lewkowitsch has published a number of determinations, from which 
those in Table LXVI. are selected. 

Lewkowitsch, who has made a very complete investigation into the 
meaning of the acetyl value (^Analyst , 1899, p. 319) has shown that 
it must not be looked upon as a constant, except in the case of castor 
oil, since it ileasures, besides hydroxylatod a(;ids, the following 
Bul)stances which may occur in variable proportions in oils and fats, 
viz.: — free alcohols (including cholesterol and ])liytosterol), oxidized 
and unknown fatty acids occurring in blown oils, also mono- and 
diglycerides resufting from natural hydrolysis of triglycerides in oils 
and fats which have been' kept. Oils and fats which have become 
rancid by keeping possess higher acetyl values than when in the 
fresh condition. These considerations show the necessity of taking 
precautions to prevent oxidation of oils or fatty acids obtained from 
them, previous to the determination of the acetyl value. 


L.— THE IODINE VALUE. 


I. Meaning and Use of this Value. 


The iodine or Hiibl value of a substance is the percentage of iodine 
absorbed from solution under definite conditions prescribed by Hiibl 
in 1884.1 The value of the test depends ui)on the fact that oils, fats, 
and allied bodies arc mixtures, in very variable proportions, of 
glycerides of saturated and unsaturated fatty acids, and that whilst the 
latter readily unite with the halogens and form addition products, the 
former do not. By bringing tlie oil and the halogen together in 
solution under conditions which reduce substitution to a minimum, 
it is found that the amount of halogen absorbed by each kind of fat 
and oil is very clr’.ractcristic, and affords one of the most reliable 
means we possess of distinguishing one kind of oil from another and 
of #determining their proportion in mixtures. The test is most 
generally useful in the analysis of fixed oils and fats, but it has a 
limited value in the identification of mineral lubricating oil, vaseline, 
and paralfin wax. The halogen at first used was bromine. Allen 
published details of a bromine process in 1881,^ and an improved 
process was described by Mills in 1883 and 1881r;'* but Hiibl’s iodine 
process has gradually superseded these. It has been the subject of 
numerous modifications, but the 5nly one of permanent value is that 
due to Wijs,4 which has greaUly simplified and improved the Hiibl 


' JouT, Soc. Chem. hid., iii. (1884), p. 641. 
a Analyst, vi. (1881), pp. 177 and 216. 

* »7btw. Soc. Chfin. Ind., ii. (1888), p. 436 ; iii. (1884), p. 866. 

* Bmchtt, 1898, ♦50. 
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process. Wc sliall desci-ibe both processes, but the latter (Wijs’s) 
is tlie one winch recoininonds itself for use. 


11. Determination of the Iodine Value. 

(a) Hubl’s Process. —The following solutions are re({iiir(;d : — 

Iodine Solution, — This is a solution, in ethyl alcoho?, of iod iie and 
mercuric chloride, in the proportion of at least one molecule of mercuric 
chloride to every molecule of iodine. The presence of mercuric chloride 
renders the absorption of the halogen by the fat more rapid and complete, 
and is essential for the attainment of constant i*esull.s.’ 

In preparing the solution according to HubVs directions, 1 litre of pure 9 f 
percent, alcohol is divided into two eipial })arts ; in one, 25 gnus, of iodiiu 
are dissolved (heating hastens solution), and in the otliei*, 30 grins, oi 
powdered mercuric chloride (ejisily soluble in the cold) ; the two solutiom 
are then mixed. The solution must be kept in a well-stopjiered bottle in t 
dark, cool cupboard. At first the strength is about one-lifth normal, bui 
the free iodine gradually and continually dinhinshes, at first rapidly auc 
afterwards more slowly.-^ The solution, when freshly prejmred, should b( 
allowed to stand for from six to twelve hours before use. Every time it ii 
used it must be sl-andardized. Owing to the contilflial diminution of strength 
a solution many weeks o\d can no longer be relied ujion to give the maximun 
iodine absorption with substances of high iodine value, and, as the actior 
of the iodine on the alcohol is much less rapid in the- absence of inercurit 
chloride, it is far better to keep the solutions of iodine and mercuric chlorid( 
in separate bottles and to mix them only a few hours before being require! 
for use. 

Decinormul Thiosulphate Solution — Tlii.^ may lie prepared by dissolving 
12‘4125 grins, of pure dry sodiiim thiosulphate crystals (Na.jS;,03.5H„0) ii 
water and diluting to 500 c.c;. at (> 0 ® F. The recry stall i/.ed salt, as purchased 
is almost chemically pure, but generally darii]> ; the crystals merely require 
crushing, drying by moderate pre8.sure lietween folds of blotting-])aper, anc 
preserving in a well-stoppered bottle. If the above stated quantity of th( 
dried salt be made up to exactly 500 c.c., the solution will be so nearlj 
correct that for ordinary work it is not necessary to standardize it ; and i1 
kept in the dark, it alters in strength very slowly. But it is easier anc 
more satisfactory to prepare an approximately definormal solution, bj 
dissolving 12*5 grins, of the iin dried crystals, and to standardize this bj 
means of pure potassium bichromate. 

The pure bichromate is prepare.d by recrystallizing the commercial salt i 
few times, and is obtained in the form of line granular crystals •by stirring 
and rapidly cooling a hot saturated solution. The crystals are filtered bj 

’ According to Wijs {Jonr. Soc. Chem. ImL^ J 898 , 698 ), iodine moiiochloride i 
first forihed, as shown by Ephraim, IIgClo + 4 l = HgI.2 + 2ICl, but this r^cta witl 
the water of the alcohol to form liypofbdous acid, which is the active agent 
thus ICl-l-H20=:HCl4 HIO. Lewkowilwcli prefers to assume that ICl i 
added on directly. 

* Owing to the fact that the hypoiodous acid gradually oxidizes the alcohol b 
aldehyde, thus : — CgHgO + 2HIO = CJ2H4O + 2H26 + 12. In this reaction, 2HI( 
(two molecules) liberate whereas one molecule of undecomposed HIO liberates I 
in the titratipn, thus : — HCl + HIO + KI = KCl + HjOif- 
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suction, dried in the air-oven at 150“-200“ C., and hept in a stoppered 
bottle. 

For sUmdardizing the thiosulphate, an accurate 1 per cent, solution of the 
bichromate is prepared, and is kept in a well -stoppered bottle. 10 c.c. of 
this solution are measured into an 8-oz. stoppered bottle and diluted with 
alwiit 4 07,. of cold distilled water. 20 c.c. of a 10 per cent, solution of pure 
potassium iodide (free from iodate) are added, and about 10 c.c. of dilute 
sulphuric acid (1 vol. of strong acid to 3 vols. of water). This acid 
liberates exactly 0'2r>84 grin, iodine, equivalent to about 20’4 c.c. of deci- 
normal thiosulpliate. The thio.sulphate solution is then added from a 
burette* in drops^ with continual agitation of the liquid, until the colour of 
the free iodine has nearly disappeared. Starch solution is then added, and 
the titration is finished very slowly, by adding the thiosulphate at first two 
dro]is and then one drop at a time and allowing plenty of time between 
each addition, as the final destruction of the blue iodide of starch takes 
place slowly and it is (‘usy l.o overshoot the mark. The colour of the solution 
is not bleached, but changes to the pale bluish-green of chromium chloride. 
If X be the number of c.c. used, then 1 c.c. of thiosulphate solution is 

equivalent to grm. of iodine. 

An alternative, and in some rcsjiects jireferable, method of standardizing 
the decinormal thiosulphate solution is by means of decinormal ])erman- 
ganate solution, 100 c.c. of distilled water, 10 c.c. of dilute sulphuric acid 
(1 vol. of acid to 3 vols. of water), and 20 c.c,. of a 10 ])cr cent, solution of 
pure 2)otas.'>ium iodide, are well mixed in a stoppered bottle. 20 c.c. of deci- 
iioniial permanganate solution are then added and the liberated iodine 
titrated with the thiosulphate solution. 20 c.c. of decinormal permanganate 
solution of correct strength lil)erate 0'2539 grin, of iodine. 

Votassimn, Iodide Solutioyi . — This is a 10 per cent, aqueous solution of the 
pure salt free from iodate. It becomes slightly yellow on keeping, owing 
to liberation of Kuline, but may be bleached by adding a drop or two of 
thio8ulj)hate. 

Starch Solution . — About 1 grm. of pure arrowroot starch is rubbed to a 
smooth cream with a few drops of water and poured into an 8-oz. conical 
beaker. The beaker is nearly filled with boiling water, immediately placed 
over the naked flame of an Argand-Bunsen for a few moments, and allowed 
to boil up. It is then covered and left to stand over night, and the clear 
liquid is decanted for use. If required for use immediately, the hot liquid 
may be filtered. 

Methylated Chloroform . — This must be proved to absorb no iodine. 
Place lb c.c. and 20 c»c. in two stoppered bottles. Add to each, 10 c.c. of 
iodtne solution, and stopper the bottles tightly, after moistening eacli 
stopper with a drop of potassium iodide solution. Place the bottles in a 
dark cupboard for several hours, and then titrate the free iodine in each ; 
if the /olitine of thiosulphate used is the same for both, the chloroform is 
fit for use. 

To determine the iodine value, as much of the subatance is weighed ’n a 
very small counterpoised beaker as will absorb about 0*3 grm. of iodine, or 
a trifle more. It is dissolved in clijoroform ^ and rinsed into a dry 8-oz. 

^ If the thiosulphate be added more rapidly, an excessive quantity is required. 

- In testing a substance which is insoluble in chloroform but soluble in alcohol, 
either the substance is transferred to the bottle in a dry state, or it is dissolved in 
10 c.c. of absolute alcohol and exactly the same volume of absolute alcohol is 
added to the blank quaiitigr. 
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stoppered bottle, about 10 c.c. of cblorofonn being used altogether. About 
the same volume of chloroform is then poured into another similar bottle. 
Both bottles must have very well fitted stoppers. 

The approximate strength of the iodine solution having been ascertained 
by titrating 10 c.c. with the standard thiosulphate, as much is measured into 
each bottle as will contain at least 0-6 grm. of iodine. If, after mixing, the 
contents of the bottle containing the substance be not clear, more chloroform 
is added, the same extra volume being added to the blank tiuautity. The 
bottles are then tightly stoppered, each stopp-r being first moisLeneil with a 
drop of strong potassium iodide solution to make a more ^ective seal, and 
are placed in a cool, dark cupboard for not less than six, and not mere than 
about eighteen, hours. It is convenient to commence the experiment late 
in the aitei noon and titrate the first thing next morning. 

Before commencing to titrate, each bottle, in warm weather, is first cooled 
by running some cold water over ib so as to i)r(>duce a slight reduction of 
]»res8ure inside, and a few drops of ijotassium iodide solution are pointed 
round the stopper, which, on opening the bottle, are drawn in, rinsing the 
neck and stopper. 20 c.c. of potassium iodide solution are then poured into 
the bottle, and cold distilled water is added until the bottle is about two- 
thirds full. Part of the iodine will now be in the acpieous liquid, and part 
in the chloroform solution which settle.s to the bottom. The standard thio- 
sulphate solution is next run in, at first rapidly and afterwards more slowly, 
with constant agitation, until the free iodine has nearly all (iisajipeared, and 
then the starch solution is added and the titration is finished drop hy drop, 
y^igorously shaking the closed bottle between eacl^rop, until the blue colour 
-s destroyed. The dilleretice between the volumes of thiosulphate solution 
ised for the blank quantity and for the sample is calculated to iodine, and, 
vhen divided by tlie weight of substance taken and multiplied by 100, 
jives the iodine value. 


Exami’le. 

It was required to determine the iodine value of a sample of olive oil. 
lO c.c. of iodine solution, rather old, required 17*2 c.c. of deci normal 
hiosnlphate solution, equivalent to 0*217 grm. iodine ; therefore, a 30 c.c. 
)ipetteful would contain about 0*65 grm. iodine. Now olive oil, when 
genuine, absorbs aboTit 80 per cent, of iodine ; therefore, weighed out 
>•4 grm. In titrating, the volumes of thiosulphate solution used were, 

For the blank quantity, . . 50*>5Cc.c. 

For the test quantity, . . 24*30 c.c. 


Difference, . . . 26 50 c.c. 

c.c. of the thiosulphate used was equivalent to 0*01261 grm. iodftic ; there- 
m‘e, 26*50 c.c. were equivalent to 0*33416 gnu. Therefore, 0*4 grm. of the 
il absorbed 0*33416 arm. iodine, and 100 gnus, would absorb 0-33416- 
*4 X 100=83*54, wliich is the iodine value of the sample, 
bor tne attainment of uniformly relmble and concordant results by this 
roces.s, about double as much iodine should be added as the substance can 
b^rb. The iodine solution must not be too weak, otherwise the maximum 
)dine absorption is not obtained with oils of high iodine value. The 
igestioH with iodine must not be continued for too short a time, nor unduly 
yolonged ; standing over ifigh^about eighteen hours) is sufficient in all cases, 
ilthough these jprecantions arc more necessary wh^i\lealing with substances 
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TABtB LXVII. 


—Iodine Vaddks of Fixed Oils, Fats, and Waxes, 
AND THEIR MiXED FaTTY AcIDS. ' 




iodine 

Valws. 

Class. 

Name of Oil, etc. 

Iodine absorbed by 100 Parts. 



Of Oil, Fat, etc. 

1 Of Mi.xed 
j Fatty Acids. 

« 

Vegetable 
Non-drying 
OiJsand Fats. 

Olive ill, . 

Olive kernel oil, 

Hazel nut oil, . 
lien oil, 

Arachis (earthnut) oil, 

('astoroil, 

Japan wax, ..." 

Coconut oil. . * 

Palm nut oil, 

Palm oil, . . ! * 

Cottonseed stearin, • . . ! 

76-2-91 *7 (rarely 

1 exceeds 86) 

87 - 88 
83-90 

72 -113 
83*3-10.6 
81-4- 90 6 
4-2- 151 
8*3- 10 

10 - 17-6 
.'■>3 - 67-4 
88-5-104 

86 - 90-2 

90-i- 90-6 

95-6-108-4 
86-5- 88-6 

8-6- 9-5 

12 

; 63-6 1 

1 94-5 

Vegetable 

Semi-drying 

Oils. 



Hap<‘ oil, ... 

Itavlson oil, ..." 

Mustard oil (white). 

Mustard oil (black), . 

Curcas oil, . . 

Cottonseed oil, . . 

Sesanu'j oil, . . 

Brazil nut oil, . ' 

Beech nut oil, , . . | 

.Maize oil, 

Canieliiie oil, 

94-1-105-6 
109 -122 
921-103 

96 -122-3 
98-3 100-9 
100-9-116-9 
102-6-1 16 
90-6-1 06-2 

111 120 
111-2-130-8 
186-3 -142-4 

! - - - - 

96-S-105-6 

120 

94-7 l(WJ-2 
109-.5- 120-5 

106 

111 -116-7 

109 -112 

1(J8 

114 

113 -12.5 

137 

1 Vegetable 
Drying Oils. 

■ - 

Linseed oil, . 

Ileniffsecd oil, . . . ’ 

poppyseed oil, . . . ' 

Walnut oil, . ' ' 

Nlgereeed oil, . . . ! . 

Sunilower oil, . . . ’ 

160 -201-8 
140-6-167-6 
132*6-167-6 
182-1-161-7 
126-6-133-8 
120-2-136 

178-6-209-8 

122 -141 
116-6-139 

160 

147-6 

124 -134 

Animal 

Oils and Fats. 

Neatsfoot oil, .... 

Lard oil, . . . . ! 

Horsefoot oil, . . . ‘ 

Tallow oil (‘animal oil ), . ! 

Tallow (beef, mutton, and home refined), , 
Bone fat, 

Lard, . . . ’ [ i 

Horse fat, . . ! ! ! 



66-8- 72-9 

67 - 88 

73-7- 90-3 
r>5-6- 60 

32-7- 49-3 
46-8- 66-8 i 
49-9- 76-9 
71-4- 86-3 j 

62 - 77 

72-9- 78-7 

65 - 67 

26 - 41-3 
56-7- 67-4 

64 

84 - 87-1 

• 

Marine * 
Animal Oils 
and 

Fluid Waxes. 

Sperm oils (Southern ami Arctic), . 
Poriioise Jaw oil, strained from solid fat, 
Porpoise jaw oil, unstrained, 

Dolphin jaw oil, strained from solid fat, 1 
Porpoise body oil, . . . . i 

Dolphin body oil, . . ’ ; 

Whale oil, ... 

Seal oil ‘ ' 

Cod liver oil, 

Other fish liver oils, .* . . 

Menhaden oil, . , . j , 

Sardine (including Japan fish) oil, . 

_ ___ _ « 

07-1- 90-1 ! 

21-6- 49-0 

77 1 

38 1 

88 -119 1 

99-6126-9 1 

110 -136 

127 ^162-6 

136 -181-3 

90 -191-1 
139-2-172-6 
100-0-193-2 

82-2- 88-1 

130-3-132 

130-1W170 

Waxes 

(solid). 

Wool fat, 

Bfiermaceti (if free from sperm oil), 
Beeswax, ...... 

Carnauba wax, . . . . i 



‘26 - 41 
nil. 

7-9- 11 j 

13-6 

1 9-17 

i 
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Table LXVIII. — Iodine Values of Miscellaneous Substances. 


('lass 

Description. 

Tktrline Value 
= Iodine absorbed by 

100 parts. 

Blown Oils. 

Blown rape oil, .... 
Blown cottonseed oil, 

47 - 73 

56 - 66 

0 

Alcohols. 

Alcohols from sperm oil, . 
Alcohols from wool fat, 
Cholesterol and phytostero!. 

59-5- 69*3 

35 - 40 

67*3 68*1 

Resins. 

Colopliony, .... 

160 -219* 

Solid 

Hydrocarbons. 

Paraffin wax, .... 
Oz(»kerite, . . . . 

Vaseline (Chesehrough Co.), 

___ 1 

3*9- 4*0 

4*5- 4*9 

8*6 

American 

Lubricating 

Oils. 

Pale ‘885,’ . . . .| 

‘ Red ’ ehgine oil, . . . i 

Dark mediuTn machinery oil, . 
Dark cylinder oil, . , . j 

12*52 

16*06 
. 14*15 

15*62 

Russian Lubri- 
cating Oil, 

‘ Ragosine ’ oil No. 1, 

7*19 

Shale Oil. 

Scotch shale oil, ‘ 890,’ 

! 

22*99 


Rosin oil, | 

1 , 43-48 

1 t" 

* Wljs’s solution, two hours’ contact (see Lewkowitsch, etc., vol. i. p. 890). 


of high than of low iodine value, it is desirable to adopt the same method of 
working in all cases. %. 

The chemical reactions taking place in this process have been fully 
discussed in papers Tby Schweitzer and I^ungwitz,i Ephraim, ^ Waller,® 
eWijs,^ and Lewkowitsch ® ; for practical purposes it may be assumed 
that ICl is added on to the unsaturated carbon atoms. 

Jour. Soc. Chem. Ind., xiv. (1895), i»p. 130 and 1030, 

Analyst, xi. (1895), p. 176. ^ Ibid., p. 280. 

Jour. Soc. Cheonr, In(L, 1898, p. 698. 

® Anaf^at, 1899, p. 257. 
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(b) Weis’s Process. — Wijs has replaced Hiibrs reagent by a solution 
of iodine inonochloridc in acetic acid. 

The reagent is prepared by dissolving 13 grins, of iodine in 1 litre 
of pure glacial acetic acid, determining the titre of the solution, and 
then passing into it a current of chlorine (free from hydrochloric acid) 
until the titre is nearly but not more than doubled. With a little 
practice the point can be judged with fair accuracy by observing the 
change in colour from very dark brown to a rich orange. The acetic 
acid used must te proved to have no reducing action on permanganate. 
3^hc solution thus obtained has the following advantages over the 
Hiibl solution : it is comparatively stable, and will keep for six months 
without serious loss of strength ; the time of contact necessary for 
com})lote iodine absorption to take place is shortened to an hour or 
less (in the case of non-drying oils, a few minutes sufheo). 

To determine the iodine value with this solution, as much of the 
substance as will absorb about 0‘32r) grm. of iodine is dissolved in 
10 c.c. of chloroform in a stoppered 8-oz. bottle, mixed with 25 c.c. of 
the Wijs solution (containing about 0*65 grm. of iodine) and allowed 
to stand fifteen miiiutes for non-drying oils (olive), thirty minutes 
for semi-drying oils (rape), sixty minutes for drying oils (linseed). 20 
c.c. of potassium iodide solution are then added, followed by about 
100 c.c. of distilled water, and the titration is proceeded with in the 
manner described on p. 254. There is no need to make a blank test, 
occasional titration of the Wijs solution being sufficient. Iodine 
values determined by this method agree closely enough for practical 
purposes with those determined by the Hubl method, when the latter 
is properly carried out, and as the method is much simpler it will 
naturally be preferred. 

M.— HEHNER’S BEOMINE THERMAL TEST. 

Ilchner and Mitchell have devised a very useful thermal method 
for the examination of oils. Helmer showed^ that when liquid 
bromine is added to an oil or fat dissolved in chloroform or carbon 
tetrachloride, instantaneous combination occurs, accompanied by 
considerable evolution of heat, and in conjunction with Mitchell he 
subsequently discovered that the heat evolved, measured by the rise 
of temperature under fixed conditions, bears a nearly constant ratio 
t(' the ic.dide value; that, in fact, the iodine value, which by Iliibrs 
process takes several hours to determine and involves the use of a 
Bj)ecial reagent not always ready, can be ascertainccl with considerable 
.accuracy in a few minutes byhneasuring the thermometric rise* with 
broiuine and multiplying the result by a constant. 

Since iodine values can now be determined so rapidly by the Wijs 
process, the bromine thermal test has to a largo extent lost its useful- 
ness ; but it may still be employed with advantage as a sorting test, 

4nalystf xx (1895), p. 49, 
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where a large number of samples have to be examined in a short 
time. 

The following apparatus and reagents are required 

A vacuum jacketed-tuh^'^ measuring internally inches in length x 
I inch in diameter. 

A Centigrade thermometer^ divided in fifths of a degree from, say, 0“ to 50'*. 

A 1 C.C, pipette, having a short soda-lime tube fixed by a cork to the upper 
end, with a fiexible tube for mouthpiece. 

Liquid bromine, and 

Methylated chloroform. 

The Process. — The vacuum-jacketed tube is suspended from one arm of the 
balance by means of a stiff platinum wire loop (fig. 72), a counterpoise 
made from a piece of thick sheet lead* being placed in the other pan. By 
opening the side door of the balance case, the oil or fat can be dropped into 
the tube and the exact weight easily and quickly adjusted. The tube is 
then slipi^ed out of the wire loop and fixed firmly, 
by means of the short stem, in a suitable stand, and 
10 C.C. of chloroform are measured into it from a 
pipette. The temperature of the bromine having 
been ascertained to the nearest OT deg., by stirring 
with the thermometer, the same thermometer, freed 
from adhering bromine, is jimmersed in the chloro- 
forraic solution of the s^Bstance, which is brought 
ter exactly the same temperature as the bromine, 
either by warming the outer tube by the hand or 
cooling it by immersion in cold water. This adjust- 
ment takes place slowly, as the heat can only be 
transmitted by radiation. Immediately the tem- 

Fio. 72. — Vacuum perature is correctly adjusted, 1 c.c. of the bromine 

Jacketed Tube. is withdrawn from the bottle (by means of a pipette, 
provided at its upper end with a short soda-lime 
tube and a flexible moutnpiece) and added to the chlorofc>rm solution, which 
is rapidly stirred with the thermometer until the mercury has risen to the 
highest point and begun to fall again. As this takes place in about fifteen 
seconds, close observation of the mercury is necessary. The difference 
between the initial and final temperatures is the rise of temperature. 

It is desirable to vary the quantity of substance taken, according to the 
amount of heat developed. Of olive and rape oils^l grm. is a suitable 
quantity ; of tallow or any other fat composed rnainly^of saturated glycerides, 
2 grms, may be used ; but of linseed oil, which reacts very violently, with 
bromine, 0*6 grm. is sufficient. 10 c.c. of chloroform and 1 c.c. of bromine 
are used in all case^. The rise of temperature when 2 grins, are used 
is divided by 2, and when 0’6 grm. is used is multiplied ' by 2. The 
result, expressed by the symbol 0, may be called the bromine thermal value. 

• The numerical value of the constant ^ or factor for converting the 
bromine thermal values into iodjne values depends upon the heat 
capacity of the particular tube and thermometer used. Hehner 
and Mitchell found it to be about 6*5, Jenkins ^ 5 ’7, Archbutt® 

^ Obtainabl^g from Messrs. Baird & Tatlock. 

“ Jour. 8oe, Chem. Ind., xvi. (1897), p. 193, 

» im.y p. 309. 
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Table LXIX. 



0 

Phermal V aluo»0>. ^ C. 


Experiment. 

Bromine as 
Purchased. 

Bromine satiuated 
with Water. 

Anhydrous 

Bi’omine. 

1 

20-4 

20-2 

20-1 

2 • 

20-3 

20-4 

20-2 

3 

20T 



4 

20-2 



Mean, 

20-25 

20-3 

20-15 


Table LXX. 


1 Tallow. 7 samples (2 grins, used ; the 
rise of temperature^ 2 --/3). 


Description. 


2. Rape Oil. 11 samples (1 grm used ; 
the rise of temperature =^). 


American beef, 
Homo rellned, 


Australian mutton, 
Home refined, . 


Bromine 
Thermal 
Value (0) 

7’ 

to 

X 

<tL 

C'l 

.‘17-8 

07 

41-C 

0-7 

41-6 

7-05 

43-7 

7-2 

44*0 

7’66 

40*8 

8-9 

55-2 


2. Olive Oil. 10 samples (1 grm. used ; 
the rise of temperature =^). 


Description. 


OaUipoll, 

Unknown, 

Qallipoll, 


Bromine 
Thermal | 
V alue 03). j 

X 

<10. 

Hubl 

Iodine 

Value. 

13 56 

77-2 

78-7 

13-8 

78-7 

78-9 

13 8 

78-7 

79-8 

14*2 

80 '9 

78-4 

14-2 

80-9 

81-4 

14-36 

81-8 

81-4 

14-4 

82-1 

82-0 

14-46 

82-4 

84-2 

14-6 

82-6 

82-6 

14'6 

82-6 

82-1 


Description. 


Stettin, . 
Unknown, 


1 

n. 

Bromine 
Thermal i 
Value (01 1 

X 

<o. 

Hiibl 

Iodine 

Value. 


17-0 

lOOT) 

99-0 


17 36 

102-7 

102-7 


17-4 

103-0 

103*8 


17-3 

102-4 

103-1 


17-7 

104-8 

106-7 


17-8 

106-4 

104-6 


17-9 

10.6-0 

106-2 


18-25 

108-0 

1U8-1 


18-6 

110-1 

100-4 


19-1 

113-1 

118-6 


20-8 

120-2 

121-7 


4. Raw Linseed Oil. 10 samples (0*6 grm. 
used ; the rise of temperature x2=^). 


Unknown, 

, American (?), 
I Unknown, 
Calcutta, 


Bromine : 
Thermal 
Value (0). 

o 

b 

<0. ' 

28-5 

171-0 

28-8 

]72-» 

29-6 

177-6 

29-7 

178-2 

29 8 

178-8 

80-46 

182-7 

31-35 

188-1 

81-4 

188-4 

31-76 

190-6 

32-5 

196-0 
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from 5*7 to 6 ‘2, according to the nature of the oil. Each operator, in 
a test of this kind, mnst of necessity work out Ins own factors, by 
making comparative determinations of the iodine values and the 
bromine thermal values of about lialf a dozen genuine sfimples of each 
description of oil which he wishes to use the method for. 

The results of consecutive experiments made with the same sample 
of oil are remarkably concordant, the extreme difterence usually 
observed being 0%‘r C. Duplicate experiments, made at intervals 
of several days, usually agree within 0*1“ C. Bromin^e as purchased, 
the same fully saturated with water, and the same deliydrated by 
shaking with strong sulphuric acid and distilling, gave practically the 
same results, as the figures in Table LXIX., obtained with the same 
sample of rape oil, show. 

The results of experiments with four descriptions of oil are 
given in Table LXX., and it will be seen that the agreement 
between the observed and the calculated iodine values is generally 
very satisfactory. Thus, with the seven samples of tallow, the 
maximum diflerence is 1*7 ; in the case of the olive oils, it is 2’5 ; 
eleven samples of rape oil gave a maximum dillerence of 1‘5 ; and 
the agreement in the case of raw linseed oil is nearly as good. The 
greatest difference observed in testing ten samples of the latter oil 
was 4*2, but if we omit the first two samples^ie difference does nob 
exceed 2*5. These resitlts prove that the })romine thermal test is 
a valuable auxiliary method for the valuation of oils, which, in 
laboratories where a large number of oils of the same kind have to 
be examined, may save a great deal of time and labour. 


N.— MAUMEN^’S THEBMAl TEST. 

All the fixed oils react with strong sulphuric acid with evolution 
of heat, which is least in the case of the non-drying and greatest in 
that of the drying oils. In Maumene’s test, 50 grins, of the oil a^e 
stirred in a beaker with 10 c.c. of strong sulphuric acid, both at the 
same initial temperature, and the rise of temperature is read ,/jff. 
This varies from about 40" C. with olive oil to about 130" C. with 
linseed oil ; and as the limits of variation with different pure samples 
of each oil are nob wide, tlie test, when conducted with duef care, is a 
valuable means of distinguishing one oil from another and of detecting 
adulteration. 

The*attainment of uniform results by ‘this test depends upon the 
employment of identical conditiontf, especially as regards the strength 
of the sulphuric acid used. The following results by Archbutt ^ 
show the effect of varying the strength of the acid, all other condi- 
,tions remaining the same. ^ 

, ’ Jour. Soc. Chem. Ind,, v. (1886)^ p. 308. 
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Table LXXI. 


Rise of Temperature C.) with Acid containing 
per cent, of HaSO^. 











07*38 

06*71 

95*72 

94*72 

93-75 

92*73 

01*85 

Olive oil, pure^. 

42*7 

42 

39 

36*5 

34*5 

31 

28*6 

Olive oil, impure, 

48*5 

i 47*3 

1 

44 

40*5 

38*7 

35*5 

32*5 

Raj)e oil, pure, . 

62 5 

61 

58 

51 

i 

50*3 

47 

11*7 


As the teiii])cratnrc rises more slowly the weakei the acid, it is 
advisable to use im acid eoutaiuiiig not less than 97 per cent, of 
IJySOj : and the strength must be ascertained by analysis, since the 
specific gravity of sulphuric acid reaches the ma.viiman at 97*7 per 
cent., and then dimiuislics, so that acids of 95-0 ])er cent, and 99*2 
per cent, strength have the same specific gravity {Lunge and Nmf). 
The method of working which Ave recommend involves the use of 
the following reagent and apparatus : - 


Sulphuric Acid (97% H 25 ^ 04 ) ; prejiared as follows The contents of an 
uiiojuaied Winchester (piart bottle of ]nire sulphuric acid are well mixed ; 
■ihout <1 c,.c. are then taken out with a dry jupette, (piic,kly delivered into a 
dry weighing l)ottle, which is stop]>cred and the exact weight taken. The 
acid is tlicn carefully diluted witli cold water, made up to exactly 500 c.c. 
at the temperature of the laboratory, and well mixed. 100 c.c. of the 
diluted acid arc next measured with a pipette and delivered into a 16-oz. 
flask, containing a weiglied (piautity 01 pure sodium carbonate dissolved 
in a small (piantity of water. 1*10 grms. of sodium carbonate are Uikeii for 
every 1 grin, of acid. This weight of the nominally dry carbonate is placed 
in a tared ])latinum crucible, gently ignited over a s})irit dame for ten 
minutes, cooled in the desiccator with a cover on the crucible, and l,he exact 
weight then taken. oAfter the acid has been run into the sodium carbonate 
solution, the liquid is heated to boiling to expel most of the carbonic acid, 
then made quite cold, and the excess of soifium carbonate determined by 
titration wdth decinormal acid, using methyl orange as indicator. In ordei 
that the end point of the titration may be sharply observed, the colour of 
the liquicLshould be compared with that of an equal volume of imre water 
tinted wiUi the same quantity of methyl orange and contained in an exactly 
biniilar flask. The following is an example of the calculation : — 


Weight of sulphuric acid ^.itrabed = J x 11*1110 

Grma. 

= 2*2222** 

Weight of dry Na^CO.^ taken 

N/10 acid, 13*38 13*38 x *0053 

= 2*4403 

*0710 

Weight of dry NagCOo neutralized 

Equivalent weight ol 112^^4 

= 2*3783 

= 2*1980 

Strength of Acirf =^2*1980 -f 2*2222 x 100 

= g8*98%H2S04 



262 


t-ttbrication and lubricants.* 


If the acid be weaker than 97 per cent., it is rejected ; if stronger, it is 
diluted to exactly 97 per cent, strength by adding to a weighed quantity, 
‘say 1 kilo., the requisite quantity of pure water, which may be measured 
from a delicate burette arid well stirred into the acid. The reagent thus 
prepared is preserved for use in a capped ether bottle ; the stock is kept in 
the ‘Winchester,’ the sttpper of which, after wiping free from acid, is 
smeared with a little vaseline and tied down. 

Beakers, tall form, 4 inches high by inches in diameter. These fit into 
a nest of cotton- wool contained in a 40-oz. lipped beaker. 

A 10 c.c. burette, with glass tap. The orifice of the is reduced by 
holding it in the Bunsen flame until, with the tap turned full on, 10 c.c. of 
the sulphuric acid take one minute, within a second or two, to flow out. 

A Centigrade thermometer, graduated in single degrees from O'’ to 1 00**. 

In making a test, the temperature of the air of the room is first of all 
ascertained, and the acid is then brought to the same temperature by 
wanning the bottle by the hand or by cooling it in M'ater. Exactly 50 grins, 
of the oil, having been weighed into the beaker, are stirred with the ther- 
mometer and brought to the same temjierature as the acid, and the beaker 
is then placed in the cotton-wool nest. The burette having been filled with 
the acid and covered with a glass aip, the beaker is brought under it, the 
tap is o])ened wide, and 10 c.c. of acid are allowed to run into the oil, all 
the time stirring the oil and the acid most thoroughly together. After the 
acid is all in, the stirring is continued until the mercury ceases to rise. 
The final temperature is read off, the initial tenpferature is deducted, and 
the diff*erence is the rise of ^temperature. 

When a number of samples are being tested, a thermometer is kept sus- 
pended near the burette to record the temperature of the air, and, if this 
alters, the initial temperature of the oils must be altered to correspond. 
Immediately after testing each oil the burette is refilled with acid and 
capped, and the ne(5k of the bottle is carefully wiped dry and capped. If 
these directions are followed, very good results may, with practice, be obtained. 

This test is most useful in comparing one sampb of oil with 
another, as in controlling the quality of the deliveries of oil j)urchased 
to sample. As the results obtained are influenced not only by the 
strength of the acid used but also by the exact modus operandiy each 
observer must construct a table of results for himself, by testing 
several pure samples of each oil he requires to examine. Table 
LXXll. will serve to show, approximately, the results obtained 
with some well-known oils. 

r- f 

In testing oils which evolve more heat than cottonseed oil, the chemical 
refwjtion becomes so violent that the liquid froths out of the beaker ; 
therefore, the test cannot 1^ made unless the oil is diluted. For this pur])ose 
olive oil is suitable ; e%g. 20 gnus, of linseed oil diluted with 30 grins, of olive 
oil give a moderate th^mal effect. The olive oil must be tested seimrately 
to ascertain the rise of temperature obtained with it alone ; the thermal rise 
of the Ithseed oil is then calculated as shown by the following example : — 

Ri«} (if tempeiature of the mixture, observed, 

• o 

, Effect due >to 30 grms. of olive oil = | x 42“ — 

♦ Effect due to 20 gsms. of linseed oil, 

SO^grms. of linseed oil would rise ^ x 


77-2* 

25-2“ 

62-0“ 

130’’ 
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Table LXXII. 


Name of Oil. 

Rifij of Temperature with 

97% Sulphuric Acid. 

Degrees Centigrade. 

Animal (tallow) oil, 

35”-42” 

Olive oil, 

40”-45” 

Nealsfoot oil, 

42“-49“ 

Arachis oil, 

40” 

Horse oil, 

4C)”-55” 

Castor oil, 

56”-G0” 

Ra])c oil, 

58°^G4° 

SesauKj oil, 

C3”-G5” 

Kavison oil, 

75° and over 

Cot-tonseed oil, . 

75”-85” 

Pop])yseed oil, . . . . * 

87”-89” 

Nigerseed oil, .... 

100” 

Seal oil, 

105” 

Menhaden oil, 

125” 

Linseed oil, 

128” H 45” 


Specific Temperature Reaction. — Thomson and Ballantyne^ have 
proposed to avoid the trouble involved in the preparation of an acid 
of known streii^tli by a now metiiod of recording results. Instead of 
stating the rise of temporature in degrees, they express the result in 
terms of the rise of tom])orature with water at 20“ 0., taken as 100. 

Exactly 50 c.c. (--50 gnus.) of water are delivered into the beaker from a 
pipette, brought to 20” C., and mixed with 10 c.c. of sulphuric acid also at 
20^ C. The acid is run into the water exactly in the same way and at the 
s<uue rate as into an oil, but the exi)erimeiit is not bo easy, as in stirring the 
water aiid acid together in the absence of a lubricant one is very apt to 
crack the beaker, and the tempcratuie witli water does not remain for eomc 
time stationary at the maximum, as with oil, but quickly begins to fall. 
Having, however, successfully made the experiment, preferably in duplicate, 
the oil is tested in the same way and in the same beaker. The result with 
oil is then divided by the m'ean result with water, and the cmotieiit, 
mvltiplied by 100, is iiiQ ^ lipecific Temjferature Reactio7i.’ Table LXXIII., 
by Thomson and Ballantyne, shows the results they obtained by operating 
in this way with acids of three different strengths. 

Thomson and Ballantyne found, when testing the same sample of 
olive oil in two different beakers, one 3 inches and the other 4 incheE 
in height, but both 2 iiiche^ in diameter, thatT^he temperature rose 
2 degs. higher in the taller beaker ; the same difference was Observed 
with water; therefore, in w^hichever beaker the experiments were 
made, the specific temperature reaction, calcidated from the thermal 
effects with water and oil in the same beaker, were almost identical 
the figures being 93*5 and 93 ‘8. 

1 Soc. Clam, hid., x. (1S91), p. 233.^ 
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Table LXXIII. 



H^S 04 95 -4 per cent. 

H 2 SO 4 96-8 per cent. 

n 'SO 4 99*0 per cent. 

Sample. 

fD 

U 

o| . 

i • 

«|.l 

£ 

a 

"59 
*5 *.2 

£ 1 

3 i 

©*« . 1 

£ • i 



ft ft® 


S ""S 1 

t> <^o 1 

‘ip 

a.ft«8 


V 


c4 g 

<u 

Sw 


1 


H 

H 

H 

H i 

^ 1 

H ! 

Water, . 

{ 

38-6 

100 

41-4 

i 

100 

^ 1 
46-5 1 

100 1 

36-5 

95 

39-4 

95 

44-8 ! 

96 I 

Olive oil, , . < 



39-0 

94 

43-8 j 

94 ; 

l! 

34-0 

*88 

38-1 

92 

44-2 

95 

Ra])e oil, . . | 

49*0 

127 



58-0 

124 

Castor oil, 

Linseed oil, . . | 

340 

88 

370 

80 



104-5 

270 



125-2 1 

{ 
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The evolution of heat on mixing oils with sulphuric acid ])i*occcds 
from a variety of chemical reactions ; e,g. saponiheation or hydrolysis 
of the glycerides, sulphoiiation of the fatty acids and glycerol, and, as 
the temperature rises, destructive oxidation ^companied by charring 
and evolution of sulphur dioxide. The cvoluti(»n of heat de])cnds 
largely upon the proportion and nature of the unsaturated fatty acids 
present, and bears a more or less definite relation to the iodine value. 
This relation, however, according to Hchner and Mitchell, is (juitc 
difTercnt with different oils and fats, unlike the relation between the 
bromine thermal value and the iodine value, which is nearly tin; sfune 
for most oils and fats. The following comparative results obtained 
by Archbutt with rape oil, show that although the iodme value may 
be calculated very nearly from the MauraeTie figure, the bromine 
thermal value is a more reliable basis for calculation, notwithstanding 


Table LX XIV. 


1 

Iodine Value 
by Hubl's Pi-oce88. 

Iodine Value 
calculated fi-oni 

Iodine Value ) 

calculated frotn* & 

1 Sample of Bape Oil. 

the Bromine 
Tliermal Value. 1 

^x5-92. 

the Sulphuric Aenl * 

1 Tliermal Value, 
ax 1-07. 

• 

__ 

1 

No. 1 

. 102-7 

102-7 

99-4 


103-3 

iga-o 

101-4 

f, 3 

103-1 

102-4 

101-9 

.. 4 - 

105-7 

• 104-8 

106-6 

.. 5 

104-6 i 

• 105-4 i 

104-3 

” ® - 

106-2 

105-9 

106-0 

n 7 

^08-1 , 

108-0 

109-9 

» 8 

109*! 

110-1 

% 

1 

111-4 
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the fact that the multiplier in the latter case is more than three times 
as large as in the former. 


0.— OXIDATION AND GUMMING OF LyBEICATING OILS. 

* 

T. Fixed Oils. — No absolute (quantitative method of determining 
the oxidizing proqjcrties of lubricating oils is known. The behaviour 
of the dilfercnt^fixcd oils wlicn exj)()scd in thin films to the air at the 
ordinary or a slightly elevated tcmj)erature, leads to theii* classification 
in thre(' divisions, viz. ; — (1) dryiny which by oxidation soon 
solidify to a varnish and therefore include the j>aint oils ; (2) so-called 
non-drying which remain fluid for long jperiods and comprise the 
best lubi’icating oils ; and (3) semi-drying oils^ which form an inter- 
mediate class, drying but slowly, yet too oxidizable to be well 
adapted for lu])ricating. Haq)C oil, however, which is the least 
oxidizable of the scmi-clrying oils, is largely used as a lubricant by 
large consumers, owing to its comj)aratively low cost. 

In tlie examination of olive oil, lard oil, sperm oil, and other well- 
known lubricating oils belonging to the non-drying class, also fatf 
such as tallow, it is as a rule suflicient to prove the absence of adul 
terants belonging to the drying and semi-drying classes by means oi 
the ordinary ])hysieal and chemical tests, paying special attention tc 
the iodine value, which is increased by the qiresenco of tlic mon 
easily oxidizable oils. But with raq)c oil the case is different 
(Tcnnine ra])e oils differ considerably in gumming properties, and i 
special oxidation test is not only useful but jmicticable, as ra|>e «oi 
is sufliciently oxidizable to give a decided result in a reasonable time 
The following simqfle comq3arative test is usually made : — 

(a) Watch-glasB Test. — 1 grni. of the samqile of oil is weighed on a watch 
glass, the same weight of a standard .sam])le is weighed on another watch 
glass of the same curvature, and the two glasses are placed side by side in i 
l>oi ling- water oven, where they are left undisturbed for a certain numhe 
of hours. A good pi’actoje is to qflace tlie glasses containing the oils in tin 
oven at, say, .5 q),in., aTul take them out at 9 a.m., i.e. after an interval o 
sixteen hours. The condition of the oils is then examined when cold. 

Tested in this way, and using 1 grm. of the substance, rape oil o 
the very best (quality does not dry, aud does not apq^ear to havi 
fchickciiecf much when caused to flow by inclining the glass ; inferio 
samples will have crept np and formed dry spots on the sides of th' 
glass, and most raqje oils will have thickened mof? or less considerably; 
The result of this test, coii8*idcred in conjunction with the physica 
ai^d chemical data, is of considerable assistance in judging the qualit; 
of rape oil. 

^ Livache has shown (/wr Soc. Chem. iTid.j xiv. (1895), p. 811) that all fixe 
oils, whether vegetable or animal, and even fats, if exposed to the air at 
sufficiently high temperature (120‘’-160^ 0.), sooner or later ^ up, forming 
solid elastic product similaf to that obtained from the drying oils? 
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The same test is sometimes useful in the examination of olive oil. 
In this ease 0’5 gnu. should bo used for the test, the other conditions 
remaining the same. Good olive oil will change very little in sixteen 
hours ; inferior oil, dark green or greenish brown in colour, will thicken 
considerably. 

The object of using 'i. weighed quantity of oil is merely to ensure 
uniform conditions, equal weights of oil in glasses of the same 
curvature exposing the same surface area ; it is not worth while to 
attempt to get more out of the test by weighing the oi^ after exposure, 
as the changes in weight due to oxidation are small and ei-ratic, some 
of the products of oxidation being volatile at 100° C.; they arc also 
affected by variable traces of moisture in the oils, and no satisfactory 
result is thus obtained. (See Livache’s test.) 

{/f) Film Test.— A less simple, but for some purposes a better test 
than the above, is made by exposing the oil in a film on a glass plate 
at a tenqx'rature of 50° C. It is not easy to obtain continuous films, 
nor films of uniform thickness, and unless they are uniform the results 
are not comparable. The least trace of moisture on the surface of 
the glass, even the film of moist air condensed on all apparently dry 
cold surfaces, causes some oils to draw up into irregular patches and 
drops. This may be avoided by first hcatin^the glass strongly and 
painting it with tlie oil while still hot. 

Pieces of j)late glass, say 3 inches square and inch thick, are carefully 
cleaned, wiped dry, and weighed. Each glass is nuinhered, and its approxi- 
mate w'eight is marked on a card. The glasses are first heated in an air-oven 
to 200“ C. for about half to one hour, then taken out and laid upon jaeces 
ortork. As soon as they have cooled dowm to alx)ut 100“, the U])per surface 
of each is thinly jiainted over, by means of a clean c^mcl-hair brush, with the 
oil to he tested, and ihe glasses are then left to become quite cold. When 
cold they are placed again on the balance, and more oil is dropped upon the 
centre of each plate until exactly 01 gnu. has been made up. The plates 
a..e then laid, with the oiled sides upwards, upon a levelled sheet of plate 
glass, 111 an oven furnished ivith a regulator by which the temperature 
can be maintained at the temperature of 50“ 0. The oil last added will 
gradually .sijread over the surface of the glas.s. At intervals of a fow 
hours the plates are removed from the oven, allow'ed to cool down to the 
temperature of the laboratory, and the condition of thS oil trusted by touchiD*! 
with the finger. * 

Even with the precautions above stated, the film will be ^bicker in 
some parts than others, and will not always dyy at a uniform rate ; 
but, by making dupJi^jate tests, very fairly comparable results may be 
obtahiftd. As a result of several tests mii,de in this way it has been 
found that refined c(.»ttonseed oil dries to a vaniisb in from eighteen 
to tweiity-foiir hours, refined rape oil Requires about forty-eight hours 
to dry to the same extent, whilst olive oil docs not dry up in thirteen^ 
days. 

The following results by Bolde ^ were obtained by spreading ^ 

• ^ Unternuchimg der SchmieruviMelf p. 98. • 
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drop ’ of the oil on a glass plate measuring 5x10 centimetres and ex- 
posing to air at 60” C. for twenty-four hours. The film thus obtained 
would be thiniicr than that formed in the a])Ove-described test, and 
might be expected to dry more quickly. 


Taulk LXXV. — Effect of Exposing some ^ixed Oils in thin 
Films to Aik at 60° C. (Holde). 


Kind of Oil. 

V Consistence after I 
24 Hours’ Exposure, j 

Kind of on. 

Consisteneo after 

24 Hours' Exposure. 

Sperm oil, 

Unchanged. 

Mustard oil. . 
Earthnut oil, 

Sticky, to dry. 

Castor oil, 

Bone oil, 

Unelialigcd, or 1 
slightly thickcncil, 1 

Sesanii oil, . 

Dry. 

Olive oil, 

Cottonseed oil, 
Sunllowcr oil, 

Almond oil, . 

I’erceptihly tl\ifkene«l. i 

Poppy oil. 


Crude rape oil, 

Perceptildy thickened, i 
to sticky. 

Fish oil, . 

Cod-liver oil. 


Ileflned rape oil, . 
Whale oil, 

Sticky, to dry. 
'I'liicker, to sticky. 

Train oil, 



(c) Livache’s Test. Increase of Weight by Oxidation. — Any 
attempt to measure the rate of oxidation of fixed oils by ascertaining 
the increase of weight at elevated temperatures is met by the difficulty 
that some of the prorlucts of oxidation are volatile. Thus Kissling ^ 
found, by passing air through linseed oil heated to 100” C., that, 
of 0-87 per cent, of oxygen taken up daily, 0*46 per cent, was carried 
away in the form of volatile acids of the methane scries, carbon 
dioxide, and other products. Experiments by the same author bn 
oils exposed to the air at 100“~105“ C. in clock glasses showed that 
the loss of weiglit by volatilization frequently exceeded the gain of 
weight by oxidation. On the other hand, the gain of weight at the 
ordinary temperature is much too slow to be made the basis of a 
practical ti'st. 

Livaclie, however, has shown that the rate of oxidation is greatly 
.icceleratcd by mixing the oil with finely-divided copper, tin, or lead, 
the latter giving the best results. 

The lead is prepared from solution of a lead salt by precipitation with 
sheet zinc, washing the precipitate well with water, alcohol, and fether, 
and dryingiin vacuo. About 1 grm. of. the dry powder is spread out on a 
large tared watcli-glass, apd an accurately weighed quantity, somewhat over 
0’6 grm. but not exceeding 0*7 grm., of the oil is spotted over it from a 
pipette, taking care that the drops do not run into one another. The whole 
then weighed and allowed’^to remain exposed to light and air“kt the 
ordinary temperature. 

Drying oils tested in this manner commence to gain weight rapidly, 
the maximum increase taking place in a few days, whilst the non- 
drying oils must be left for fully seven days before any useful result 

^ Jour, S9c. Chem, Ind.^ xiv. (1896), p. 479. 
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is obtained. Evidently, this test is nnsuited for tlic systematic 
examination of lubricating oils, though it may be found useful in 
special cjascs. 

Livachc obtained the following results : — 

Table LXXVL— IV’greask op Weight op Oils by Oxidation. 


Percentage Increase of Weight. 


Kind of Oil. 

Of Oil after 





Of Fatty Acids 




after 8 Months. 


Two D.iyB. 

Seven Days. 


Linseed oil, .... 

14-3 


ll-o 

Walnut oil, . 

7-9 


60 

Pojipyseed oil, 

6*8 


3-7 

Cottonseed oil, 

5-9 


0-8 

Beech nut oil, 

4*3 


2-G 

Colza oil, .... 

nil. 

i 2*9 

2*6 

Rape oil, 

Sesiiuie oil, .... 


2-J) 

0*9 


, 1*8 

2-0 

Arachis oil, .... 


1-3 

Olive oil, . . . 

1 )) 

1-7 

0-7 


{<!) Bishop’s Test.^ — Bishop has modified Livache’s test 1>y dissolv- 
ing manganese resinate in the oil to be tested and using an inert 
absorbent, viz. ignited silica, instead of spongy load. 

Purified manganese resinale is prepared by digesting the commercial 
article in ether, filtering, distilling off the solvent, and ])Owdering the dry 
residue. Two j)cr cent, by weight of this is added to 5-10 gnus, of the oil 
previously weighed in a beaker, and the mixture is heated on the water-oven, 
with occa-sional agitfition, until the resinate is dissolved (taking five to ten 
minutes) ; it is then allowed to cool. 

1 gnu. of freshly ignited precipitated silica is next weighed in a flat- 
bottomed capsule of 5*5 cm. diameter, containing a .'mall glass rod, and as 
nearly as possible 1*02 grm. of the mixture (1 grm. oil-f-0‘02 grin, resifiate) 
is distributed fj'orn a fine pipette in small drops all over the surface. The 
whole is then weighed. The oil and silica are intimately mixed by means 
of the glass rod, the mixture is spread out in a layer of uniforfii thickness 
all over the bottom of the dish, then exposed to*air at 20“ to 30“ 0., and 
weiglied at intervals € 1 ^ six hours. After each weighing, the contents of the 
dish stirred afresh. • 

In +his test, oxidation takes place most rapidly within a limited 
range of temperature, which is necessarily the same for each oil. 
Thus, between 17" and 28* C. linseed oil reached the maximum 
weight in from twenty-four to thirty Tiours from the commencement ; 

^ MonU. ScierU,, 1896, 2».* 
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liter that there was a gradual loss of weight. Henipseed, poppyseed, 
^^alnut and cottonseed oils reached the maxima in from twenty-four 
:o twenty-eigl^t hours at 22”-’28“ 0., whilst sesame oil at the same 
iemperaturc took from seventy-two to uinety-^«ix hours. Arachis oil 
ncreased 6*7 per cent, in weight in ninety-six hours at 14 ”34 5 C.; 
mother sample gained only 4*8 per cen^. in 144 hours at 
17"-23’ C. (Jolza and olive oils gain weight ^^ery slowly ; although 
1 change is perceptible within twenty-four hours, the maximum 
is not reached te many days or even weeks. Experiments, how- 
ever, showed tlult the adulteration of olive oil with oils of more 
strongly marked drying character caused the most marked eft’ect in 
the first twenty-four hours. Sec Tables LXXVll. and LXXVllI. 


Table LXXVll. -Change of Weight (per cent.) by Oxidation 
OP Colza Oil (IHshoji), 


luUer of 

Colza Oil f French). 

S].. Or. 0 9142 nt If/’ C. 

Colza Oil ^^Indiau). 

Sp. Or 0 9137 at 15" C. 

j Exposed. 

Tonip, 28‘ 20". 

Temp. 20 - If)". 

Temp. 28 -20 '. 

Temp. 20‘‘-15". 

1 

6 

1 - 0*20 

- 0*10 

- 0*20 

- 0*10 

22 ! 

1 + 2*25 

+ 0*30 

+ 1*10 

A 0*0 

24 

i 3*20 

0*50 ' 

1*90 

+ 0*20 

30 

4*00 

1*80 

2*90 

0-90 

48 

4-90 

4*20 

3*80 

3*40 

72 

5*50 

... 

4*50 

4*70 

96 

5*80 

5*60 

5*00 

192 


5*80 

5*80 

5*10 

288 

6*40 


5*90 

432 


6*40 



This test deserves further investigation in connection with lubricating 

Oxygen Absorption Test.— Angus Smith ^ in 1870 used 
the following test in examining some samples of rape oil intended 
for lubriciiting : — A measured quantity of the oil, from 3-5 c.c., 
was confined over mercury in a graduated tube filled with oxygen. 
Absorption took place slowly but steadily duri^jg twenty-two days, 
when the experiment was stopped and the total volume of gas rg^d oil. 


c.c. of oil No. 1 absorbed 37*8 c.c. 
„ No. 2 „ ^7-8 c.c. 

No. 3 „ 25*5 C.C. 


Ratio. 

148 

187 

igo 


‘ Private report. 
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Table LXXVifl. — Change op Weight (per cent.) by Oxidation of 
Pure and Mixed Olive Oil (IHshop). 


Number of 
Hours Exposed. 

Olive Oil. Sp. Gr. 0*9155 at 16* c! 

jPuve. 

-1-20% Aruchis Oil. 

-f 20% Cottonseed Oil. 

Temp. 14“-34‘6“. 

Temp. 14"-34*6". 

-M-76 

300 

4-00 

4-75 

5*55 

Temp. 14-34*5“. 

24 

48 

72 

144 

384 

+ 0-80 

2- 40 

3- 40 

4- 70 

5*30 

-i-3-26 

4*26 

4*80 

5- 60 

6- 05 


Temp. l7’-23“. i 

Temp. 17-23 ■. 

Temp. 17 -2.3“ . 

24 

-0*30 

- 0'3() 

-0-30 

48 

-0-20 

-0-20 

+ 0T)0 

72 

+0-90 

+ 1-70 

2-90 

144 

220 

310 

3-80 

264 

2-30 

3'5t^' 

3’90 


A summary of Bishop’s results is given in the following table : — 
1’able LXXIX. 


DcBcriiition of Oil. 

Specific 

Gravity. 

Increase of 
Weight Per Cent. 

Mean 

Values. 

Linseed oil (French), 

0*9327 

17-70-16-40 

17*06 

„ (La Plata), . 

0’9304 

15*45-16*00 

15*20 

jJempseed oil, 

Poppyseed oil (French), . 

0*9287 

14*55-14*30 

14*40 

()’924 

14*50-13*90 

14*20 

Walnut oil, .... 


13-7'> 

13-70 

Cottonseed oil. 

0*924 

8-60 

8-60 

„ (chilled), . 

0-923 

9-6» 9-30 

9-45 

Sesame oil (Senegal), 

0*9215 

8*95- 8-50 


„ (Indian), 

0*921 

7*40 

7-40 

Aracliis oil (African), . 

0-916 

6-70 

, 6-70 

„ (v*hile), 

0-916 

6-60 

6-60 

Colza oil (French), 

0-9142 

6^40? 

6-40? 

„ (Indian), . 

0-9137 

5-90- 5-80 ? 

6-85? 

Ohv^oil, .... 

0-9156 • 

5-30 ? 

5-30 ? 


The volumes of oxygen absorbed in the first forty-eight hours were 
ipproximatoly in the same ratio. Angus Smith considered that the ' 
Lubricating value of these samples would be in the inverse order of . 
their oxygen-|ibsorbing power. 
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Fox' has described the following method : About grm. of the oil 
is sealed up with 0*5 grm. of precipitated lead in a glass tube having 
a capacity of |ibout IDO c.c. The whole is then heated in an oil-bath 
for several hours at 105“ C., when the amount of oxygen absorbed is 
determined by noting the decrease in volume of gas in tlic tube. The 
following results were thus obtiiincd : — j 


Kind of Oil. 

c.c. of oxygen ai)8ort)ed by 

1 grni. of oil. 



Linseed oil, 

126 to 101 

Cottonseed oil, 

24-6 

llape oil (broAvn), 

20-0 

Colza oil, 

17-6 

Olive oil, 

8-2-8-7 


llach,2 following Fresenius, used a similar method, omitting the 
lead. A known quantity of oil was heated for ten hours with oxygen 
in a scaled tube of 100-125 c.c. capacity in an air-bath at 110'" C. 
The point of the tu])c was then broken under water and the absorbed 
oxygen calculated frt)m the volume of water drawn in. The results 
given in Table LXXX. were thus obtained. 


Table LXXX. 


Kind of Oil. 

c.c. of oxygen abnorbed by 

1 grm. of oil. 

Rape oil, 

166 

Olive oil, 

144 

Cottonseed oil, 

111 

Rosin oil, 

Rosin oil, redistilled, so-called ‘cckI oil’ 
(Lewkowitscli), 

181 

06*3 

Mineral lubricating^ il (*865), 

4-8 

„ » (-877), . . . 

•7 

Russian mineral oil,» 

•74 

C^inder and valve oils, 

T0--45 


Holder ^ ^describes the following method. From 1-1 ’5 grm. of 
freshly-ignited pumice*stone, in grains about the size of mustard-seed, 
is phicod in a glass tube 30-40 cm. long and 20-^0 mm. in dimeter, 
sealed at one end, and from 6*3-0*5 grm. of the oil is slowly dropped 
on to the pumice from a tared beaker; the exact weight added is 
ascertained by weighing the bcake% afterwards. The open end of the 

^ AwUyd, viii, (1883), p« 110. 
tToiir. Soc. Chem Ink., viii. (1889), p. 990. 

“ Die Untersuchung der SchmiermiUel, pp. 96 and 100. 
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tube having been drawn out and allowed to become cold, the air is 
iisplaccd by oxygen and the tube is quickly sealed with a fina blow- 
3 ipe flame. Aher heating in a water-bath for several hours, the end 
)f the tube is broken ‘ofl’ under water, and the; volume of oxygen 
tbsorbed is measured. ^Fhe most suitable temperature and time of 
leating depend upon the kind of oil ex])crimented upon. Three 
lours’ heating in a boiTfug-water bath were given in the experiments 
he results of which are recorded in the following table : — 

Table LXXXI. 


Description of Oil. 


Cottonseed oil, . 

Brown rape oil, . 

Olivo oil, . . . . . 

Mixture of bone oil and refined 

rape oil, 

Mixture of bone oil and refined 
rape oil, . . . ' . 

Sperm oil, 

Sperm oil, 


c.c. of oxygen, reduced to 20“ C., and 700 nini., 
absorbed by 1 grin, of oil. 


Single Values. 

Mean 

Values. 

68*7 




G8’7 

45*5 ; 

49*7 



47*6 

33*3 ; 

34« 



337 

321 ; 

28T ; 

^‘0 ; 

28*0 

30-3 

(29-9) 

1 ; 24-7 

; 22-0 

; 22*2 

23*0 

24*5; 

23-9 ; 

25-3 ; 

24*4 

1 24-5 

18-3 ; 

IGG; 

14-2 


1G*4 


II. Mineral Oils. — Although, as is shown by Bach’s experiments,^ 
nineral hibfi eating oils are able to absorb small quantities of oxygen 
k^hen heated with it, the amount of oxidation which occurs under 
irdinary conditions with good mineral oils is practically nil. The 
hickening or ‘gumming’ of such oils, when it does occur, is due 
hi^fly to the evaporation of the more volatile hydrocarbons and the 
oncentration of asphaltic, resinous, or tarry matters in the residue, 
humming is most marked in the case of the dark i*e^ddiium-containing 
ils used for railway and rough work ; the refince], pale and charcoal- 
iltcred oils, from which the resinous and asphaltic constituents kave 
>een removed, undergo scarcely any change except a thickening due 
o evaporation when heated. Useful information may, nevertheless, 
)e obtained, when comparing one mineral oil with another, by hcat- 
Qg 1 g’-m. in a shallow dish in a water-oven for scvenil days. Some 
iiineral oils deposit carbon and become thick and sticky when thus 
estedT 

The residts of experiments by Holdc,- who has paid considerable 
ittention to this subject, are contained in Tables LXXXIf. (A), 
iXXXJil. (B), and LXXXIV. (C), which show the behaviour of some 

' Srealso Ostrejko, Jenir. Sve.^hen<.. Lid., xv. (1896), pp. 26, 345, and 645. 

“ Die Untersuchung der Schmiermittel, pp. 88-99. ^ • 
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mineral lubricating oils tested by him when exposed to the air in thir 
and thick layers at temperatures of 60“ and 100“ C. 

In Table A (p. 274) the behaviour of pale refined oils is compared 
with that of dark ‘reduced’ oils, and the greater tendency of the lattei 
to thicken and form sticky or ‘gummy’ residues will be observed. 

The results in Table B (p. 278) are intended to show the behavioui 
of very asphaltic Hiinigsen petroleum in crude state and als( 
after tlie extraction of part of the tarry matter by petroleun 
spirit and alcohol-ether. 

In Table C (^. 276) quantitative results are given, showing the 
amount of evaporation resulting from the exposure of mineral oils t( 
100“ C. for several months in thicker layers (0‘21-0'24 grm. of oil witl 
a surface of fibout 75 sq. cm.). The pale, very fluid, and non-resinoui 
‘ paraffin oil,’ No. 5, from the lowest lubricating oil fractions, gradually 
evaporated in the course of fifteen months, without leaving a trace o 
resin behind ; the more viscous, brownish-yellow ‘ motor ’ oil left i 
small solid residue, consisting partly of resin originally contained ii 
the oil and partly (as the dark colour of the residue and its insolubility 
in petroleum spirit proved) of oxidized hydrocarbons formed during 
the heating. The very viscous oil No. 7, consisting of a distillate o 
very high boiling-point, evaporated and dried very little ; the sam( 
oil, partly deresinified by treatment with alcohol, dried still less 
The oils which dried most were the residuum-containing oils Nos. 1 U 
4, of which again those purified with alcohol-ether dried less than th( 
untreated oils. The Russian oil No. 1 contained, as the viscosity 
shows^ lower boiling hydrocarbons than No. 7, and therefore, althougl 
it rcsinified more quickly than the latter oil, the residue wa 
essentially more fluid. All the resinous residues left by heating 
mineral oils are incompletely soluble in petroleum ether, even thougl 
the original unheated oils (as Nos. 6-8) may have been complete!; 
soluble ; these residues are, however, easily soluble in benzene. 

Holde summarizes the results of his experiments as follows:— 
When exposed to the air in thin films (1 drop of oil on a 5 x 10 cm 
glass plate) the pale and dark-coloured distilled mineral oils do no 
resinify after several months’ exposure, either at the ordinar; 
temperature or wlmn heated to 50“ or 100“ C. Dark residuum 
, CG*>laining oils by long exposure at ordinary temperatures resinify ver 
little, but at 50“-100“ C. a marked thickening, and, with very tarr 
oils, even complete resinification, occurs, whilst the greater proportioi 
of the fluid hydrooaybons evaporate, and the remainder oxidize 
adding to the tarry and asphaltic contents of the residue. 

In thicker layers (0’20-0;.25 grm., exposing a surface area..Qf 7 
sq. cm.), the pale-coloured, non-resinous distillates do not resinif; 
even at 100“ C., but the dark-coloured distillates, containing 1-3 pe 
V cent, of resin, leave partly resitous residues. Dark residuun 
containing oils, similarly treated, yield sticky or solid products, eve: 
"" after the first few months, and after fifteen months the residues ai 
i "; quite hard and pitchy. 
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Table LXXXII. (A).— Chanoes undergone by Mineral 

( ‘ 1 drop ’ of Oil Bpread 


Relative 
I Elllux; Time 
! at 20" C. 
{Kmjler). 
Water =1 ; 
Rclliied Rape 
oil ^12-2. 


Talk Oils ; tiianspaiient in 15 mm. tube. 


1 So-called ‘parallin oil,' . . Colourless 5 9 

2 American ‘motor ' oil, . Reddish brown, 11'3 

rtuorescent 

3 Russian heavy machine oil, . Reddish-brown 27 ’0 


Reddish brown, 113 
rtuorescent 


4 Heavy machine oil. 


Light coloured 6fl-4 at 16° C. 0 89 

„ 38-9 ^ 0*90 


Dark Oils ; oi’AyuK in c mm. tuuk. 
9 Russian axle oil, 

10 Axle oil, . . 


1^ Lubricating oil. 


Specific Gravity 
at 20* C. 

/ 

Elashing.point 

•c. 

PsPensky 
Closed Cup. 
0=Open Cup. 

0-860 

168* P 

‘ 

0-004 

138° P 

0-899 

200° P 

0-903 

190' P 

0-903 

195° P 

0-905 

187° P 

U-904 

185° P 

0-906 

176° 0 

0-906 

178° u 

0-907 

164' 0 

0-908 

170' 0' 

0-936 

163' P 
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Lubricating; Oils when heated in thin Layers (Holde). 
on a 5 X 10 cm. Glass ^T'laie.) 


Condition of Oil Film after heating to 



50" 

C. 


* 

100* C. 


90 Hours, 

140 Hours. 

^190 Hours. 

300 Hours. 

35 Hours. 

70 Hours, 

120 Hours. 

300 Hours. 

almost com- 
pletely evaj)- 
orated ; resi- 
due oily. 

as before. 

mere trace of 
oily residue. 


all but traces 
evaporated. 

completely 

evaporated. 



very much 
evaporated, 
perceptibly 
thickened. 

all but traces 
evaporated ; 
residue oily. 

as beiore. 


greater part 
evaporated 
residue oily. 

as before. 

mere trace of 
oily residue. 


unchanged. 

unchanged. 

much evap- 
orated ; resi- 
due oily. 

as before. 

greater part 
evaiiorated 
residue oily. 

all but trace 
of oily resi- 
due c’ ap- 
orated. 



much evap- 
orated, other- 
wise un- 

changed. 

greater part 
evaporated ; 
residue oily. 

as lief ore. 

fts before. 

greater jiart 
evaporated 
residue oily. 

as before. 

all but oily 
traces evap- 
orated. 


unchanged. 

much evap- 
orated ; resi- 
due oily. 

as lieforc. 

the greater 
part evap- 
orated ; resi- 
due oily. 





unchanged 

mucli evap- 
orated ; resi- 
due oily. 

as before. 

the greater 
part evap- 
orated ; resi- 
due oily. 


greater part 
evaporated ; 
residue oily. 



unchanged. 


partly evap- 
orated ; resi- 
due oily. 

tlio greater 
part evap- 
orated; resi- 
due oily. 





much evap- 
orated, but 
residue oily 
and un- 

changed. 

the greater 
part evap- 
orated ; resi- 
due oily. 

all liut traces 
evaporated ; 
residue oily. 

greater part 
evaporated ; 
residue oily. 

all but traces 
of oily resi- 
due evap- 
orated. 



much 

much thicker 

largely ovaii- 
eratevJ,imicli 
thicker. 

much evap- 
orated, very 
thick. 

barely fluid, 
very slightly 
sticky. 

as before. 

still less fluid. 

sticky. 

yery much 
thickened to 
very slightly 
sticky. 

much thick- 
er^ slightly 
sticky. ^ 

much tliick- 
er, slightly 
sticky. 

mostly evap- 
orate.d;otlier- 
wise as before. 





very much 
thlbkened. 

a before. 

08 before. 

much evap- 
orated ; oily. 

almost dry; 
oily when 
warm. 

• 


very mtUdi 

ving- much 
twokened. 

much evap- 

as before. 

mostly evap- 

barely fluid 

as befonii,. 

as before. 

orated, con- 
siderably 
thickened. 


orated ; resi- 
due oily. 

to slightly 
sticky. 


evaporated, 
otherwise 
as before. 

y^ry mucn 
^^lokeaed. 

l: ^ 

a little thicker 

much evap- 
orated ; a 
little thicker. 



much evap- 
orated ;thi«k 
to sticky. 

sticky, barely barely fluid, 
fluid. very slightly 

sticky. 

as before. 

(175 hottiv) 
much erap* 
orated, m 
almost wild 

even when 

warm,’. ■-*' 
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Table LXXXIV. (C).— Eksinification of Mineral 


Description. 


Relative eftlux time at 
20° C. (Englor). 
Water-1. 


Flashing-point. 


Weight taken (grin.). 


Russian, brown- 
black, opacpie, 
railway axle oil. 


176° C. (ojien) 


No. 1, dcresinifled 
with alcohol-ether 
(4:3); clearer. 


Oclheiraer, brown- 
black, opaque, 
axle oil. 


29*6 at 40* 


lor C. iPensky) 


0-2262 



Months. 

Total 
boss of 
WeiglR 
(grm.). 

Consistence 

and 

Appearance. 

Total 

IvOSBOf 

Weipt 

(gnu.). 

Consistence 

ami 

Appearance. 

Total 
IjOSB of 
Weight 
(grm ). 



0-0429 

fluid 

0*0444 

llaid 

0-03t)4 


i 

0'0.')41 

Hscid, 
to slightly 
sticky 

0-0528 

fluid 

0-0354 

’ Area of ex nosed surface 
about ^ sq. cm. 

Time of heating, 7- 8 hours 
at 100“ 0. every day 
except Sundays. 

1 

0-0636 

viscid, 
to slightly 
sticky 

0-0619 

decidedly 

viscous 

0 0379 

2 

0-0690 


6-0734 

viscous 

0-0428 

3^ 

0-0749 

very viscous ; 
decidedly 
sticky 

0-0808 


0-0436 

f' 

5 

0-0787 


0-0808 

part sticky, 
part greasy 

0-0444 

: . • 

- ' .-*1 X 

94 

0-0773 

greater par t 
waxy, rest 
greasy 

0-0876 

part sticky, 
part greasy 

0-0470 



0-0725 

soft wax 

* 

0-0832 

thick Jelly 

0-0334 


Consistence 

and 

Apiiearance. 


part greasy, 
part solid 


pai-t greasy, 
part solid 


almost all 
solid 


almost all 


almost all 
solid 


entirely., 
solid and 
resinoaS 


entlrab . 
solid add- 
resinou r 
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Oils in thick Layers at 100“ C. (Holds). 


4. 


1 

6. 1 

6. 


7. 1 

8. 

No. 8, (lereBlnificd liy 
alcoliol-ether (4 : 8). 

! 

Russian, colourless, 
clear, trunapnreut, 

‘ IKirnffln oil.' 

Aniorican brown- 
yellow, fluorescent, 
motor oil. 

r 1 

Russian red-brown 
distillate, made 
in laboratory. 

No. 7, dei^Blnlflied^. i 
by 70 per cent ‘ 
alcohol. ' . 


' 


.5-9 

11-6 


106-9 




1.5s ('. (/V»K%) 

193" C. (Pennkif) 



1 




0-2208 

0 2ii42 

0-2430 


o- 2 i:o 

1 

0-2148 

Tolal 
; Loss of 
Weight 
(gnn.). 

CoiiBitttence 

and 

Aiipt'nraiicc. 

Total 
Loss of 
Weight 
(grni ). 

Consiateuce 

and 

Appearance. 

'I'olal 
Loss of 
Weight 
(grm.). 

Consistence 

and 

Ajjpeurance. 

'J'otal 
1.088 of 
Weight 
(grm.). 

Consistence 

and 

Ai)pearjmce. 

Total 
Loss of 
Weight 
(grin.). 

Consistence 

and 

Appearanee., 

0-0080 

viscul 

O-OOhS 

oily, tluid 

0-0124 

oily 


- 

oily 


oily 

0-0090 

partly sticky 

O-1170 

oily 

0-0262 







0-0121 

piivtly sticky 

01802 


0-0468 



0-0024 

oily 

0-0026 


0-0130 

partly sticky 

0'1522 

oily 

0()774 



0-0109 


0-0078 

• * ^ < 

1 fc-oyu 

mrtly a 
tfflck jelly 

0-1022 


0-0962 



0-0173 

oily 

0-0108 

" 

> 0-O148 

y ■ i ■ 


0-17-27 

oily, 

durkliicd in 
eoloyr 

0-1114 

oily 


• 



• r _ ^ 

■ *1 


greater part 
s lid, thereat 
• greasy 

0-184(1 

traces of oily 

1 residue 

i 

0-1304 

_ 1 

greater part 
waxy, rest 
greasy 

0 0316 

1 

viscous oil 

0-0204 

thick Ally »- 
partly tottfl 

-• .’-1 

■n f . 

all solid and 
resinous, but 
softer than 8 

0-1876 

1 traces of oily 
j residue 

L_ ’ « .. 

0 16:18 

' solid, brown 



j 0-0330 

thick jelly, 
but part 
solid 

0-0272 

partlyinltd; 
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Table LXXXIII (B).— Behaviour op Crude Haniosen (Hanoverian 
Petroleum heated to 50“ C. {Holde). 

f 

(‘ 1 drop ’ of Oil'spread on a 5 x 10 c.m. Glass Plate.) 


Previous 

Consistency 

Number of Hours healed to 51 1 " (!. 

\ 

Treatment. 

at 

21 

42 

70 

m 

None 

ordinary 

temperature 

very sticky 

sticky, Bolitl 




40"-5(r 

oily 

very sticky 



Partly freed 
from asphalt by 

ordinary 

temperature 

very sticky 

very sticky 

sticky, solid 


petroleum spirit 
(' benziuc ’) 

40'’-50'’ 

oily 

sticky, scarcely 
oily 

sticK'y, solid 


Purified from | 
asphalt by ben- j 
zlne, and from , 
pitch by ether- j 
alcohol 

ordinary 

temperature 

moderately 

sticky 

stioky 

solid and 
sticky 

solid and 
sticky 

40"-50’ 

oily 

viscid ^ 

viscid 

viscid 


P.- SPONTANEOUS IGNITION OF OILY MATEEIALS. 

It is well known that oily ra^s, oily cotton waste, and siniilai' 
materials are liable to heat and take fire spontaneously, and that 
numerous fires have originated in this way; a brief discussion of 
this subject is, therefore, of importance to all users of lubricants. 

The oxidation of oils is a process in which heat is always evolved, 
but, under ordinary circumstances, the temperature of the oil is not 
sensibly raised, because the heat, which is evoWed slowly, is con- 
ducted away as fast as it is liberated. When the, rapidity of oxida- 
tion is increased by blowing air through a large mass of oil, as in the 
manufacture of thickened oils, the temperature rises considerably. 
Conditions most favourable for the generation of heat by oxidation 
present themselves when a fibrous substance likp cotton is saturated 
with oil and thrown together in a heap, especially in a warm place. 
Under ^hese conditions the oil, spread outjn thin films on the cotton 
§bres, presents a large surface for oxidation, and the heat being pre- 
vented from escaping, owing, chiefly, to the absence of convection 
currents, raises the temperature o£r the mass and thereby promotes 
more >vigorous oxidation, which leads to a further and more rapid 
developbient of heat, until finall;^ the temperature of ignition of the 
mftss may be reached an‘d it*I)urst8 into flame. ^ ' 
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The subject has been experimentally investigated by Gellatly, 
Coleman, Young, and many others, by saturating balls of waste fibre 
with varioLU' oils, placing them in a chamber heated to 212'’ F. or 
some lower temperature, and noting the time taken by the mass to 
inflame. The results obtained have shown that the drying oils, such 
as linseed, and especially boiled linseed oil, cause ignition most 
readily, and tlie non-drying oils least reijtlily, but all drying and 
semi-drying oils, and even such non-drying oils as olive and lard oil, 
are ca])able of ^causing ignition sooner or later under the conditions 
named. Mackey has shown by experiments with olive and cotton- 
seed oils ^ that free fatty acids prepared from these oils are more 
liable to develop heat and eventually to fire when spread on cotton 
than the neutral oils themselv(*s,- a fact which he considers of im- 
portance in relation to fire risks in woollen mills, as recovered cloth- 
oils and distilled oleines consist largely of free fatty acids. In the 
experiments recorded in Table LX XXV. (p. 282) it will be noticed, 
however, that commercial “oleine” and “D7 per cent, oleine” heated 
no more than iieutral olive oil.^ According to Kisslirg,^ the generation 
of heat is infliuniced to a considerable extent by the nature of the 
fibrous material, bciing most rapid with silk, and less, in order, with 
animal wool, cotton wool, jute, and hemp. 

In practice, tliti risk of fire arising from spontaneous ignition of 
oily material is greater the more readily oxidizablc the oil, and there- 
fore, generally, the higher the iodine value of the oil and the greater 
the evolution of heat in Maumeno’s thermal test. Mineral oils, 
which are practically incapable of oxidation, do not heat at all, and 
not only are they, therefore, free from the danger of si)ontaneou8 
ignition, but when mixed with fatty oils in sufficient proportion, 
whi(!h varies according to the nature of the fatty oil, they prevent 
the risk of fire arising from the spontaneous ignition of the mixture. 
Given a sufficiently high flashing-point, not below 340’’ -350" F. 
(ITT- 177" 0.), the more mineral oil there is in a mixed lubricant the 
safer the oil as regards the liability to cause a fire ; nevertheless, the 
fire insurance comnanics consider the fire-risk in textile and woollen 
mills greater the higher the percentage of ‘ unsaponifiable matter ’ ® in 
the oil used. Tint, is chiefly owing to the fact that when a lire has 
orfbc broken out, mineral oils, which, as a nile, flash at a lower tem- 

^ Jonr. i^oc. Chem, Ind, xiii. (1894), p. 1164. 

® Tfio difference has to#do with the chemical action of the fatty acids on the 
cotton, as it wa.s not observed when an inorganic n^terial like slag wool was 
substituted for the cotton. 

® Compare Richardson and Jaff(i, Jour. Sac. Chem. Ind., 1906, p. 634.‘* 

* * Jour, Soc. Chem. Iml., xiv. (189.5), p. 479. 

® Both Mackey and Lewkowitsch have pointed out the fallacy of assuming 
the ‘unsaponifiable matter’ to consint, necessarily, of mineral oil, since in 
I’ecovored wool grease, for example, it may bo composed entirely of cholesteroU, 
and should therefore be examined as desCnncd in Chap. VII. , p, 228. In distilled 
wool grease, however, hydrocarbons occur, which, though not ‘mineral oil,’ are 
undistinguishable from it, find, as regards fire-risk, may bo regarded as identical. 
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perature than the vegetable oils, are more likely to assist in spreading 
the fire in proiK)rtion to the difference of flashing-point {Mackey). 

Both in the United States and in this country apparatus has been 
devised specially for the purpose of determining the relative liability 
of oils to cause spontaneous combustion. 

Allbright and Clark’s Apparatus,^ generally known as Ord way’s, consists of 
a double chamber, formed by two tubes placed one inside the other. The 
outer tube is of wrought iron, 6 inches in diameter, and is closed at each end 
by discs of wood. The inner tube is of sheet iron, 4 inche^ in diameter, and 

6 inches shorter than the outer tube, and is fitted with overlapping metal 
covers at each end, which support it centrally within the outer tube, leaving 
an annular air-space of 1 inch between the two tubes and a space of 3 inches 
at each end. The apparatus, suitably supported, is heated by a Bunsen 
burner, and three thermometers, which are inserted into the inner tube 
through the outer, allow the temperature to be read off. 

50 grins, of the oil to be tested are distributed as evenly as possible over 
60 grins, of cotton waste, which is then carefullv pushed into one end of the 
inner tube, and a second similar ball of un-oiled waste is inserted into the 
other end. One thermometer is placed with its bulb in the hall of oiled 
waste, one in the ball of un-oiled waste, and the third midway between the 
two. The outer tube is then heated so that the thermometer in the un-oiled 
waste indicates lOO^-lor 0., not higher, the fnainteuance of this tempera- 
ture being controlled by means of the middle thermometer, wbiefe should 
be kept at about 125" C. S|X>ntaneous heating of the oiled is 

indicated by the temperature of the mass rising dfJove that of the un-oiled 
waste, and the difference of temperature will be greater and the rise more 
rapid the more dangerous the oil. 

Biebards states that this apparatus has been of the greatest use in 
determining the cause of fires and in estimating the relative safety of 
oils for use in textile mills. Among other results it has been found 
that the proportions of ncatsfoot and best lard oils which can safely 
be mixed with mineral oil amounts to from 50 to 60 per cent., whilst 
not more than 25 p(5r cent, of cottonseed oil can be safely added. 
That Is to siiy, cotton waste oiled with a mixture of 50 per cent, lard 
oil' and 50 per cent, mineral oil would not be liable to ignite 
spontaueously, but if the lard oil were adulterated with cottonseed 
oil, ignition might occur. In either case, a good deal would depend 
upon the size of the heap of waste and the tCmperatiiro of the 
surrounding air. 

^ Mackey’s ‘Cloth-Oil Tester’ (fig. 73)2 consists of a cylindrkal copper 
water-bath tinned on the inside, measuring externally 8 inches high x 6 
inches in diameter, and internally 7 inches higli‘x 4 inches in diameter, 
provided with a lid having a short central tube D for a thermometer and 
two loUger.tubes A and B for promoting the circulation of air, A cylinder 
pf- 24- mesh wire gauze C, 6 inches longxlj inches in diameter, contains 
the oiled wool. ^ 

14 grms. of thtf oil to be tested are weighed into a shallow dish containing 

7 of pure cotton wool, and after thoroughly incorporating the oil by 

’ Ricliards, Jour. Sor. Cliem. 2^., xi. (1892), p 547. 
iw Jour. 'Spc. Chcni. ind.^\i\. (1895), p, 940 ; ard xv. (1896), p, 90. 
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hand with the well teased wool, which cannot be too carefully done, as the 
success of the experiment greatly depends upon the even distribution of 
the oil, the thermometer is held upright in the middle of the gauze cylinder 
and the oiled wool is carefully and uniformly packed around it. Having 
raised the water in the outer jacket to active ebullition, the cylinder ana 
thermometer are placed in the inner chamber, the lid is carefully slipi^ed 
down over the thermometer stem, and the latter is fixed in j)osition by 
tightening up the screw-clamp D. The position f)f tlm thermometer should 
be siK'h that tlie red mark on the stem is just visible above I). The water 
in the jacket is kept stetidily boiling, wire being taken that steam is neither 
drawn down the iihe B nor warms the tube A, and the temperature of the 
wool is ri'ud oft' at intervals. 



Fig. 73. — Cloth-oil Tester. 

• 

j^It mually takes abeut one hour for the oiled wool to reach the 
temperature of the bath (100“ C. -212"F.), and safe oils, like pure ' 
olive oil, will not rise much higher; but dangerous oils will cofrtiiiue 
tp heat,'and very dangerous oils, such as cottonseed, will rise to 200® 
ft (392“ F.) within one hour and a half. Generally, the temperature 
‘after a certain point is reached coitoences to rise very rapidly, and 
when this is the case the thermometer must be withdrawn after 
reaching, say, 250“ C., otherwise it may be damaged. Mackey states*., 
that any oil which, wh<ii tested in this way, reaches 200" C. in two 
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hours, may he regarded as too dangerous for use in mills. The worst 
class of oil, from a fire insurance point of view, will heat more rapidly 
than this. 

Everyone using the apparatus for the first time should experiment 
with pure olive and eottonsecd oils, comparing his results with those 
in the following table by Mackey, until he has found liow to prepare 
and pack tlie mixture (ff wool and oil so as to obtain similar results : — 


Tahlk LXXXV. 





Temperature in 

j 


No. 

Oil tisoil. 





Ihr. 

Ihr. 15 m. 

Ihr. 30 in. 

2 hrs. 







"C.-: F. 

"C. "F. 

"(!.=" F 

’C. "F. !”C. = '’F. H. 

M. 

1 

Cottonseed, 

125-257 

242- 468 


1 242- 468 1 

15 

2 


121^ 2.'-)() 

242=468 

282=540 

1284- 643 1 

35 

3 


128 = 262 

212 414 

225 = 437 

! 225= 437 1 

30 

4 

,, 

124 = 255 

210=410 



248- 478 1 

35 

5 


116-241 

192=378 

200 = 392 


200 = 392 1 

30 

n 


118 244 

191=376 

202 = 396 


202=896 1 

30 

7 

M .... 

117 = 243 

190 = 374 

194=381 


194 =881>1 

30 

8 

Olive fatty acids, . 

112 = 234 

177 351 

204 = 399 


211=418?! 

45 

9 

114 237 

177=351' 



196 = 386 hi 

25 

10 

105 = 221 

165 = 329 



293 669 1 

55 

11 

White Austraiian oleine, 

102=216 

185 275 

208=406 


226 = 439 1 

45 

12 

103=217 

115=239 

191|ii376 

lfr-219 


230=440 1 

45 

13 

Olive (containing J fiee 

9H-20H 

102=216 


241 = 466 3 

25 


fatty acids), 







14 

Oieine, 

98 = 208 

lOU 214 

102=216 


no 230 2 

8 

16 

, 07% oleine, . . 

98 208 

100 = 212 

102 -- 216 


172 = 312 3 

15 

IG 

helgian oleine, 

98 = 208 

99 = 210 

100 212 


173 --343 3 

16 

17 

Olive (neutral). 

98 = 208 

100-212 

101-214 


235 456 5 

13 

18 

„(..). ■ • • 

97=207 

100=212 

101- 214 


228- 442 4 

30 

19 

„ ( „ • • • 

97 = 207 


101 214 


235 456 4 

55 

20 

Cotton, 

139 = 282 




200=392 1 

4 

21 

Olive, 

99 = 210 

101=214 

102-^216 

103 = 217 

113 = 235 4 

30 

22 

j Mixture-of Go:,' of No. 20 \ 

\ and 50 '..of No. 21/ 

102=216 

117=243 



200 = 392 1 

29 

2;i 

/ Mixture of of No. 20 \ 

1 and 75:^ of No. 21 / 

99-210 

105 = 221 

112-- 234 


200=392 1 

52 

24 

1 

j Mixture of lOX of No. 20 | 

\ and 90% of No. 21 / 

99=210 

102=216 

105 221 

127 = 261 

200 = 392 2 

9 


The following results with the siime sample of pure cottonseed oil 
were obtained on first using one of Mackey’s testers : — 


Experiment 

Number. 


Temperature (” C.) after the Expiration of 
Minutes. ^ 

m 

60* 

75 

81 

84 

90 

92 

105 

109 

« 1 

100'’ 

122“ 

200“ 

250“ 





2 

99“ 

102“ 



107“ 


165’’ 

250“ 

3 

100“ 

iir 

f 


225“ 

250“ 

... 


V 4' 

102“ 

125“ 



250“ 





101“ 

120“ 



2oo; 




4f 

—TT 




L 

_i ' 
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In experiment No. 2 the temperature did not at first rise so rapidly 
as in the others, but it shot up rapidly after a time, and reached 250" 
ill about 1| hours. In this experiment, the wool was teased out 
with perhaps over-extreme care ; in the last two experiments less care 
was taken. 

An observation may here be mentioned which, though not strictly 
bearing on lubricants, is of importance to ifeers of this apparatus. 
Some linseed oil varnish containing 58 per cent, of oil of turpentine, 
which was b(‘liev^id to have caused a fire, was being tested, but at 
first no heating effect could be obtained. The temperature of the 
mixture of M grins, of varnish and 7 grms. of wool rose to 100" in 
twenty-eight minutes, but remained stationary at 105" for two hours. 
Every attempt to obtain a different result failed. 1 4 grms. of a mixture 
of cottonseed oil and turpentine in the same proportions failed to rise 
higher than 142“ (1 in 150 minutes, and grms. of the same 
mixture (containing 14 grms. of cottonseed oil) did not rise beyond 
103^ It became evident that the heavy turpentine vapour filling 
the inner chamber prevented access of sufficient air to maintain the 
oxidation. Tlui air-inlet tube B was therefore connected up to an 
air-supply tap, and a current of air (2 litres per minute) was forced 
through the a})paratus. Bepeating the experiment under these 
conditions, the 33 grms. of the cottonseed oil and turpentine mixture 
rose to 182“ in two hours and to 250" in 123 minutes, and the sample 
of varnish (containing linseed oil and turpentine) reached 100" C in 
eighteen minutes and shot up to 250° in thirty-eight minute's. 

Since making these observations, we have made a practice of 
forcing a current of air through the apparatus in testing all oils, and 
we find the results more regular and reliable. We have also 
improved the apparatus by replacing the spout shown in the figure 
by a tube whicli can be connected to a reflux condenser. This 
prevents the water in the jacket from boiling to dryness, an event 
which otherwise is not unlikely to occur. 


Q.~DETECTION AND DETERMINATION OF ARACHIS OIL 
IN OLIVE OIL. 


Arachis or earthnut oil so nearly resembles olive oil in general 
characters tiiat the ordinary physical and chemical tests fail to detect 
its presence. The chi(if difference lies in the iodine values, which 
range as under : — , 

^ Lowest. Highest. 

'L , , Arachis oil, .... 83’3 105 


Olive oil, 


76-S 


91-7 


' Whilst a high iodine value (say ofer 87 per cent., which is seldom 
exceeded by genuine olive oil) might, therefore, be due to the presence ' 
of arachis oil, a normal yulue is compatible with the presence of this 
pil in considerable propoiitioiL 
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Arachis oil, however, contains from 4‘3 to 5-4 per cent., of arachidio 
and lignoijcric acids (CjjoH^qOjj and C 24 H 4 j^() 2 ), wliich, owing to their 
sparing solubility in cold alcohol, can bo isolated without^ much 
difficulty. Olive oil contains not more than traces of these acids. 
Upon this difference in composition, Kcuard has based the following 
process for the detection and determination of arachis oil, which is 
here described with soifce modifications in detail introduced by one of 
the authors.^ 

10 grms. of the suspected oil arc saponified in a basin, directed in E I. 
(p. 225), using 8 c.c. of 50 j)er cent, caustic soda solution and 70 c.c. of alcohol, 
boiled down gently to about 20 c.c., rinsed with hot water into a separating 
funnel, dectniijiosed with hydrochloric acid in excess, and shaken with ether 
to extract the fatty acids. After distilling off the ether in an 8-oz. wide- 
necked flask, the fatty acids are dried by heating the flask on a steam-bath 
and sucking out the vapour, and are then dissolved by pouring 50 c.c. of 
rectified alcohol (sp. gr. 0’834) into the hot flask. 

To the solution, which should not be hotter than 110° F., and must not 
be allowed to cool below 100° F., lest crystals of arachidic and limioceric 
acids should separate, 5 c.c. of a 20 per cent, atpieous solution of lead acetate 
are added, which will precipitate the whole of the arachidic and lignoceric 
acids as lead soaps, together with some palmitate and oleate of lead.**^ After 
cooling to about 00° F. and allowing to stand for about half an hour, tlic 
alcoliolic liquid is decanted through a filter, and lead soaps are extracted 
with ether until the washings when shaken Tn a test-tube w’itli HgS- 
water give no colour, or only a slight brown ; the soluble lead oleate is thus 
removed. It is best not to attempt to wash with ether more than once on the 
filter, but to rinsii the soaps back into the flask and digest with ether, then 
again lilter and again rinse back, using the same filter each time. After 
doing this al)out four times, all the lead oleate will have been dissolved out. 
Washing on the filter takes a much longer time. 

The filter pai)er containing the lead arachidate, etc., is opened in a large 

f )lain funnel placed in the neck of a sejmrating funnel, and, before the soaps 
lave had time to dry, they are rinsed into the separator with a jet of ether 
from a washing bottle. The soaps which adhere to the paper and flask may 
bo decomposed and traiisferred by rinsing with warm dilute hydrochloric 
acid, followed by ether. About 20 c.c. more hydrochloric acid (I ’10 sp. gr.) 
are poured into the separator, shaken well to decompose the lead soaps, then 
run off, and the ethereal solution of the fatty aeidr is wvashed with small 
quantitie.s of water until the lead chloride is removed.* The ether is distilled 
off in an 8-oz. flask, and the residual fatty acids are heated in the water^ivenw 
until dry. They are then dissolved by warming with 60 c.c. of 90 per cent, 
ethyl alcohol (sp. gr. 0*8340), and the solution is cooled to 15° 0., when 
arachidic and lignoceric acids, if present, will crystallize out, either at once 
or after standing a short time. The flask shotild be closed by a cork 
carrying a thermomettr. 

% • 

♦ Jowr. Soc. C}iem. Ind.^ xvii. (1898), p, 1124. 

This quantity of lead is sufficient for 10 grms. of oil. If more bo added, a 
larjfer precipitate ’is produced, containing more lead oleate, which takes moi'e ' 
* washing out with ether, but no more arachidic and lignoceric acids are obtained ; 
in fact, .if excess of lead be used, as recommended by some chemists, the quantity' 
"of these acids recovered is even less, probably owing't# the solvent action of the , 
^solution of leall oleate in qther on the othw load soaps. 
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According to Tortelli and Euggeri,* a rough estimate 'oi* the amount of 
earthnut oil present may he made at this stage by observing the temperature 
at which the crystals commence to form. For this purpose the liquid in the 
flask must be h'eated until the crystals have redissolved, and then allowed 
to cool slowly. 

Table LXXXVI. 


Tomperature at which the 
crystals commence to form. 

» -C. 

Earthnut Oil, 
per cent. 

35-38 

100 

31-33 

60 

28-30 

50 

25-26 

40 

22-24 

30 

20-5-21-6 

20 

18-20 

10 

16-17 

5 


Ill order to delermine the proportion of eartlmut oil more accurately, the 
liquid is allowed to stand for one hour, ^ with occasional agitation, at 15" G. or 
20'^ C., or at some intermediate temperature which is nearest to that of the . 
laboratory ; the crystals are then collected on a small filter placed over a 
100 C.C. cylinder, using the filtrate alone to rinse out the flask, and are 
Washed several times with small quantities of 90 per cent, alcohol until 
the filtrate and washings mea,sure 70-80 c.c., unless the quantity of crystals 
obtained is very small, in which case less may be used.^ The filtrate and 
washings with 90 jier cent, alcohol must be measured. The crystals are 
then washed thoroughly witli 70 per cent, alcohol (sp. gr. 0'8898) in which 
arachidic and ligiioceric acids are quite insoluhle. These washings are not 
measured, but the washing is continued until a few c.c. of the filtrate remain 
clear when diluted with water in a test-tube, showing that all soluble fatty 
acids have been washed out. The washed crystals are then dissolved off the 
filter with boiling ether, distilled do’wn in a tare^l flask, and dried in the 
water-oven until constant in weight, for which one hour or less usually suffices. 
Finally, the mcltitig-point is determined by capillary tube, or preferably by 
Benseniann’s method (^. 203), and the point of incipient fusion should not 
be lijwer than 71" C. 

? Instead of weighing the crystals at this stage, Tortelli and Ruggeri recom- 
mend redissolving them in 50 c.c. of 90 per cent, alcohol, recrystallizing for 

1 Analyst, xxiii. (1898), p. 273. 

^ ® Tortelli and Ruggeri say three hours, but Archbutt’s experiments show that 
fine hour is enough, * 

* It is a good plan to do this washing with three separate quantities of altibhol, 
either 10 c/c. or 6 c,c. each, according to the size of the precipitate, and, after 
‘ooileoting the washing each time in a small beaker, to pour it back through the* 
filter two or three times, so as to thorou^jjily saturate it before adding it to the 
-main filtrate. Obviously, this must be done at the same constant tem|>erature as 
that at wliich the crystallization took place. A paper filter may be used, but a 
Gooch filter used with mc^grate suction is better, because the crystals can be 
more completely separated irgm the mother liquor. 
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one hour at the sa.'ie teni}»erature as before, again filtering and washing, first 
with 90 per cent, and then wdth 70 per cent, alcohol, and then weighing. 
The crysUils from pure earthnutoil, when thus purified, melt, by Bensemaiin’s 
method, at 72‘3''-73‘3° C.^ This rccrystallization is not, however, necessary, 
unless the melting-point ol the first crop is too low, or the quantity of crystals 
large. 

As the mixed acids are slightly soluble in the 90 per cent, alcohol used 
for recrystallization and ' washing, a correction must bo made, which varies 
according to the weight of mixed acids obtained {Tortelli and Miiggeri). This 
correction is given by the following table 

« 

Table LXXXVII. 


Weight of Mixed Acids 
o))tuii)ed. 

Grm. 

I Correction (grm.) to be added per 100 c.c. of 90 per 

cent, alcohol used, at 





15“ C. 

17-5" C. 

20 * c. 

0’9 and upwards. 

0-071 

0-081 ^ 
0-080 ^ 

0-091 

0-8 

0-070 

0-091 

0’7 

0-069. 

o-oe# 

0-079 , 

0-090 

0-6 

. 0-077 

0-088 

0*5 

0-064 

0-074 

0-085 

0-4 

0-061 

0-070 

0-080 

0-3 

0-055 

(Xf64 

0-074 

0*2 

. 0-048 

0-056 

0-064 

OT and le.ss. 

0*033 

0-039 

0-046 


The percentage of mixed arachidic and lignoceric acids thus isolated 
from pure earthnut oil by Kenard, l)e Negri and Fabris, Tortelli and 
Ruggeri, and Archlmtt, has varied from 4'28 to 5*40 per cent.; 
averaging about 4-3 per cent. Therefore, the weight ol mixed acids 
obtained, multiplied by 21 , is approximately equal to the weight of 
araohis oil in the quantity of oil taken for experiment. 

The results in Table LXXXVIIT. (p. 287) show the degree of accu- 
racy attainable by this method. 10 grms. of oil were taken for the 
analysis in each case, and the mixed acids were not vecrystallized. 

The correctness of the method has also been pV v ed by Rcnari by 
De Negri and Fabris, and by Tortelli and Ruggeri. The latter* 
chemists, working on 20 grms. of oil and recrystallizing;, the mixed 
acids, obtained the following results : — 

Arachis oil taken, per cent., . . 60 | 50 I 40 I 30 I 20 I 10 I 5 

Aiiiichis oil found, per cent., . . 60 j 50 | 40 | 31 | 22 | 11 | 6*7 

Reimer and Will found in rape oil an acid of high melting-point, 

sparingly solublain alcohol, whict they believed to be behenic acid, 

C 22 H 44 O 2 . . Ponzio subsequently identified this acid as arachidic ; but 

Tortelli and Ruggeri found the melting-pomt-of the recrystallized acids, 
(^termined bv capillary tube,' between 74* and 75*5*|t). 
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judging by the solubility in alcohol and the melihig-point, it is prob- * 
ably a mixture of arachidic and lignoceric acids. Archbutt has 
isolated those acids from 33 out of 51 samples of commercial rape 
oil, and lias proved that the quantity present may amount to as much 
as 1*43 per cent. He has also found the same acid in mustard oil.^ 
It appears from these results that the fact of finding arachidic acid 
in olive oil is not conclusive proof of the presence of earthnut oil, 
unless rape and mustard oils arc proved to be absent by other tests, 
of which the saponification value is the most important. Unless the 
saponification val^e of a sample of olive oil is below 19*0, neither rape 
nor mustard oils are likely to be present. 


Table LXXXVIII. 


o 


Composition of the 
oil per 100 parts. 

Volume of 

Mixed Arachidic and Lignoceric Acids. 


— 


90^ Alcohol. 



- — 




Arachis 



Temperature. 

I>1S- 

Weighed 



Melting- 
point by 

Oil 

found, 

Pure 
Olive Oil. 

Pure 

ArachisOil. 

Solubility 

CoelUcient. 

solved 
in the 
Alcohol. 

Total. 

Per 

cent. 

Capil- 

lary 

Tube 

per 

cent. 








’C. 




80 c.c. 








100 

15° G. 

•0504 

•4480 

•4984 

4*98 

71" 

100 



•063 









73 C.C. 







90 

10 

! 15" G. 

•0241 

•0265 

■0606 

•506 

71° 

10-2 



•033 







i 

73 C.C,. 






, 

80.. 

2# 

1 15" C. 

•0241 

•0715 

•0956 

•956 

71° 

19‘2 


- 

•033 









' » 








R.~C0L0TJE EEACTIONS. 

>fost of the colour reactions which formed such a prominent 
feature of the older w»rks treating of oil analysis have been sho.wn 5s 
to be caused, not by characteristic constituents of the oils themselves^ 

* Jour. Cfmi. hid. xvii. (1898), p. 1009, 
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Wt by impurities \\Tiich are more or less perfectly removed iu the 
processes of refining • and many of these reactions, based upon tests 
made with a limited number of specimens of oil, have been? found by 
more extended experience to be valueless. Although the quantitative 
methods developed during recent years have made us much less 
dependent than formerly upon colour tests, the means of identifying 
oils in mixtures are still iinp^orfect, and such colour reactions as arc 
undoubtedly produced by natural constituents of particular oils, of 
which there arc a few, are valuable. 

I. Reactions of Cottonseed Oil. 

(a) The Halphen Reaction. — Oils containing cottonseed oil, if 
heated with carbon disulphide, free sulphur, and amyl alcohol, 
develop a characteristic rose-red coloration, the depth of which is in 
proportion to the amount of cottonseed oil present. The relative 
proportions of oil and reagents, and the method of heating, may be 
varied without interfering with the test, as is evident from the 
different directions given by different iinalysts. The following 
method will be found quite satisfactory : — 

3 C.C. of the oil, 1 c.c, of a 2 per cent, solution oj^ilphur in carbon disul- 
phide, and 1 c.c. of amyl alcohol, are mixed in a small test-tube, which is 
th^n heated in a bath of boiling water. With as little as 5 per cent, of 
Cottonseed oil present, a distinct rose-red coloration is developed in from 
fifteen to thirty minutes ; the colour is more intense and more rapidly 
produced the larger the proportion of cottonseed oil. Less than 5 per cent, 
can be detected if the heating be continued for one hour, and if the colour 
be then compared with that oi a pure sample of oil tested at the same time. 

This is the simplest and best reaction for the detection of cotton- 
seed oil. So far as is known, the only other commercial oil which 
.givt» the reaction is kapok oil (Milliau, Comptes RemHus^ 1904, 807), 
whiih would be equally objectionable in 'a lubricant. Nevertheless, 
too much reliance must not be placed on this or any other colour test. 
Thus, it has been foundjfeat cottonseed oil which has been heated to 

C., or even to 150“ C., if heated long enough, lO lor>ger responds 
#,Halphen’s test. It has also been observed that the fat of animals ** 
which have been fed on cottonseed cake may give the colour reactions 
of . oottonseod oil, though none has been added (see Nitrate 

Teet), Thus, lard oil from the fat of pigs /ed on cottonseed cake 
a^ht.be unjustly condoned if conclusious were drawn from tlie 
^otir reaction alone. Hence, it is /3vidcnt that these reactions 
SfciSuM only be used as adjuncts to other tests, and no conclusions 
^puld be drawnjrom them, unless coilfirmed by the results of the 
f|WU^itative reactions. 

iHJlc Silver Nitrate Test. — ^This test, briginated by Beoohi, 
^feends upon the presence in cottonseed oil of a substance which 
^I^UGeB silver nitrate. ^ If the oil be saponified and the fatty acids 
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isolated, they the same reaction. In Be(',Siii^s test, the oil is 
heated with a complex reagent containing an alcoholic solution of 
silver nitrate, ether, nitric acid, amyl alcohol, and rape oil ; but it 
is preferable to employ tor the tost a solution of the fatty acids in 
pure alcohol, .as proposed by Milli.au, omitting the amyl alcohol 
and rape oil. The following method of procedure is recommended : — 

Approximately 5 grins, of the oil .are sapoiiflied as directed in E I. (p. 225). 
The alcoholic so,ap solution, concentrated to about 10 or 15 c.c., is diluted 
with hot water, rinsed into a sejuirating funnel, decomposed with excess of 
dilute sulphuric €cid, and shaken with about 70 c.c-. of ether to dissolve the 
fatty acids. After drawing oil the aipieoiis liquid, the ethereal solution is 
washed four or five times with small q u,autities of cold water and poured into 
a flash. The ether is then ilistilleu off, and tlie flask containing the fatty 
acids ishe.ate(l on a steam-hatli for a few minutes to evaporate the remaining 
traces of ether and water. 

The fatty acids thus obtained are immediately dissolved by pouring 20 c.c. 
of absolute alcohol int(> the fl.ask, and the solution is poured into a ffry tesl- 
tuhe measuring 8 inches x 1 inch. The contents of the test-tube are raised 
to boiling by cautiously lieatiiig over a small Bunsen flame, and then, whilst 
holding the test-tiilie over a wliiL* tile, 2 c.c, of a .30 per cent, aqueous 
solution of silver nitrate are added from a pi[)ette. In the presence of 
5 jier cent, of cottonseed oil, a characteristic brown turbidity is produced 
almost immediately. The reaction is more rapid and intense the greater 
the pro])ortion of coltonseed oil present. If there lie no immediate reduction, 
the solution is kept under (»hservatioii for a minute or two at boiling-point, 
by moving the tube to and fro from the tile to the flame, and if only 2 per 
cent, of coltonseed oil bo jiresent a distinct reaction, though more slowly 
develojied, will l)e obtained. 

This reaction has liecii examined by a large number of chemists 
and found to be characteristic of cottonseed oil. Milliau states, 
however, that kapok oil gives the same reaction. Some genuine 
rape oils appear to reduce the silver very slightly, but the reaction 
takes place slowly, and the colour produced is blackish, whilst with 
cottonseed oil it is brown. Possibly in these cases the precipitate is 
sulphide of silver, due to sulphur in the rajie oil. Tn testing fats 
which have been exposed to the air, or have become rancid, it must 
be remcmberi'd that a’dchydic bodies formed by oxidation may reduce 
the silver solution. Thus Bevan ^ found that lard which had been 
exposed to the air for some days gave Bccclii’s reaction, whilst some 
4)f the same lard taken from the interior of tlie mass h.ad no reducing 
property.* Helmer states that genuine butter made from the milk 
of cowfi fed largely on«cottonseed cake frequently gives the reaction 
of cottonseed oil.® 

Since it is not known wlifethor all samples of cottonseed reduqe 

’ Anaiyst, xix. (1894), p. 88. 2 ^ 

Confirmed later by expeiirnents made on behalf of the Board of Agriculture, 
See Analyst, xxiii. (1898), p, 25|^ Soltsieii and othei’s have also shown tlwt 
American lard from pigs fed on cottonseed meal gives a strong colour reactioh 
with the silver nitrate test and with Halphen’s test; Analyst, 1902, 95, and 
1903,- 80. 



LUBRICATION ANT) LUBRICANTS. 


silver nitrate to t}it\;^ame extent, it is not safe to draw quantitative 
conclusions from this test; but an estimate of the proportion of 
cottonseed oil based upon the result of the colour test generally agrees 
fairly well with that calculated from the quantitative results. 

Some chemists have obtained good results by the Milliau test, 
others have formed an unfavourable opinion of it. This different 
experience may h(^ due to i^lie fact that the fatty acids if kept heated 
even to 100” C., and especially if washed with boiling water, gradually 
lose their reducing ])roperty. 

Thus, the fatty acids obtained from a mixture of rape oil with 5 per cent, 
of cottonseed fnl, which reduced silver nitrate immedialely when first tested, 
completely lost the property by heating in the water-oven for one hour. 50 
grms. of pure cottonseed oil were sajjoniiied and the fatty acids were obtained. 
After transferring 5 c.c. to a test-tube, the remainrler of the acids were 
placed in the water-oven in a wide beaker, and at intervals of one hour 5 c.c. 
were taken out and t.ransf erred to tubes. The dillerent quantities were 
then tested together and the amount of reduction compared. The fatty 
acids which had not been heated reduced the silver very strongly, the 
remaining quantities had a reducing ]K)wer which ditniiiished progressively 
according to the length of time they had been heaU'd, and after lusting for 
nine hours it was estimated that about 95 per (ient. of the redii^fe action 
had been lost. ' 

A more rapid loss of the reducing property occurred when the fatty acids 
were repeatedly boiled with water. Thus, fatty acids from pure 
cottonseed oil, which reduced .silver very strongny, were boiled with water 
for one hour in a basin ; tfie reducing property, though still strongly marked, 
had decidedly diminished. The same fatty acids were then boiled four times 
successively, for only one or two minute.- each time, with fresh quantities 
of water, when they were found to have lost from 85 to 90 per cent, of their 
original reducing ])Ower. 

From these results it is evident that if the fatty acids for the 
Milliau test are prepared in the ordinary way, viz., by acidifying 
the hot soap solution in a basin, heating until the fatty acids are 
tilfear, washing with hot water and drying in the water-oven, erratic 
1 Units may he expected. But by separating the fatty acids with 
ether in the manner describe<l on p. 289, and by avoiding more than 
ten to fifteen minutes’ lieating to expel the ether, the results are 
more reliable. 

Cottonseed oil, however, which has been heated to 240” C. no 
longer responds to either Becchi’s or Milliau’s tests. c 

, (c) The Nitric Acid Test. —This test is given in the f6rm recom- 
mended by Lewkowitseb.^ A few c.c. of the oil are vigorously shaken 
in the .cold with an equal volume of nitric acid of sp. gr. 1*375 and 
then all( 3 s^ed to stand. If cottonseed oihbe present, a characteristic 
ooffeC-brown coloration develops in a short time. Stronger acid' 
gives less definite results. 

In applying this test to a sample of oil, the colour obtained should 
be compared with that giveii under thc 3 same conditions by a pure 



sample of tlie same kind of oil. The test is most useful in* the cake •' 
of olive oil which, when pure, is scarcely changed in colour by the., 
nitric acid. In consequence of an observation by lloUle that refined ; 
rape oil when shaken with nitric acid of I ‘41 sp. gr. also gives a ' 
brown cjolour, J.(ewkowitsch mixed a large number of samples of olives 
oil with varying j)roportions of cottonseed oil. on the one hand and 
rape oil on the other, and shook them with nitric acid of 1‘.‘175 sp-gr. 
After standing for twenty-four hours, the two sets showed striking' 
ditfcreno('s of colour ; those containing cottonseed oil were of a pale 
brown colour, N'kiiilst those mixed with rape oil became more yellowish. ' 
in a similar series of tests made by one of the authors it was found, 
with one sam})le of rape oil, that although no brown colour waS;, 
developed within forty minutes, whilst the mixtures containing 5 per' 
(HMit. and upwards of (iottouseed oil all gave a distitiet brown colour,, 
in the same time, on longer standing the mixtures containiug rape oih 
also became brown in (solour, and, before the end of twenty-four hours,'’ 
could not he distinguished in shade from those containing cottonseed' 
oil. Another sample of rofmed (Stettin) rape oil, undoubtedly 
genuine, wlieu mixed in the j)ro])ortioii of 20 per cent, with * the 
same sample of olive oil as was used in the above tests, gave a 
brown colour in forty minutes which could not be distinguished froru- 
the colour given by 20 per cent, of cottonseed oil. A more extended 
experience bus confirmed the fact that many genuine rape oils give 
a brown colour when shaken with nitric acid of 1*.475 sp. gr. 

Some genuine lards have been found to give a brown (jolour with 
nitric acid ; hut this should not mislead an exi)ericnccd analyst, as 
the })i csence of (jottonsced oil ought not to be certified nnloss it is 
confirmed l)y (piuntitativc tests, such as the iodine value of the sample. 
The rcjaction with nitric acid has this advantage over Halphen's 
and th(j silver nitrate tests, that the brown colour is obtained with, 
cottonseed oil which has been heated to 240° C., as well as with oil 
which l»as not been heated. Lewkowitsch states, however, tliat some 
American cottonseed oils which he has met with gave such a faint 
coloration witli nitric acid that 10 per (;ent. ccnild not be detected 
in olive oil ny this test ; hut such oils are rare. 

It may be noted that blown oils, both rape and cotton, even if 
present to the extent of only 10 per (!ent., give a very intense red-, 
brown colour when shaken with nitric acid. 

lT*Eeaction of Sesame Oil. 

• 

The Baudouiii Reaction.— Sesame oil contains a siibstaflce which, 
produces a rose-red coloration when the oil, either pure or in admix- 
ture with other oils, is shaken with a solution of cane sugar iijf 
hydrochloric acid. • 

III making the test, 0-1 fjrm. of piu-e cane sugar is first dissolved in 5 
cold, strong hydrochloric f^ld (M6 sp. gr.) ; 10 c.c. of the oil are thenjidded^i 
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the tube is corked, shaken for ten minutes, and allowed to stand. If only 
2 per cent, of 8e.sarae oil be pi-et>eut, the acid which separates will be pink in 
colour. If 5 per cent and upwards be present there will be no n/;ed to shake 
for ten minutes, as the emulsion Avill he observed to become pink while it is 
being shaken. 

Several observers liave found that in the ease of certain olive oils 
of undoubted purity the ac<d lupiid assumes ‘ after ii short time ’ a 
violet coloration. Villavecchia and Fabris ^ further state that some 
genuine Italian olive oils i^ive a rose coloration similar to that pro- 
duced by sesame oil. We have confirmed this lattcf observation in 
testing a few genuine olive oils, but the pink colour observed by us 
has always been very faint. If, after ten minutes’ shaking, the acdd 
which separates is not distinctly pink or red in colour, sesame oil 
should be assumed to be absent, and no notice should be taken of any 
colour which develops on standing. Jn any case, error is not likely 
to occur so long as the results of this test are sui)})ortcd by the results 
of the <[nantitative reactions. Milliau has found that if the test be 
applied to the fatty acids instead of to the oil, any })Ossible error is 
obviated, and this has been confirmed by pther chemists.''^ Therefore, 
Milliau’s method should bo adopted in any case where doubt exists 
as to the cause of the coloration. Villavecchia and F abris ^ find this 
colour reaction to be due to furfurol^ pranced by the action of 
hydrochloric acid on sugar, and they have accordingly proposed to 
employ a solution of furfurol instead of cane sugar. As furfurol 
itself gives a ^'io^ot coloration with hydrochloric acid, a very minute 
quantity must be used. 

For the test, a 2 per cent, solution of furfurol in alcohol is })repared. O'l 
c.c. of this solution i.s placed in a test tube ; JOc.c. of hydrochloric acid (MB) 
and 10 c.c. of the oil are added ; the tube is then corked, diaken for half a 
minute, and allowed to stand. If even I per c,ent. of sesame oil be present, 
the acid which .separate.s lias a pijik (ioloration ; with 5 per emit, a strong 
ibse-red colour is obtained. This test is lecominended, as it is simpler than 
the test with sugar, nnd half a minute’s slinking is ipiitc .sufticient. 


III. Eeactions of Cholesterol and /hytcsterol. 

, {a) With Chloroform and Sulphuric Acid {Hesse, SalkowsU).—H 
a few centigrammes of cholesterol lie dissolved in 2 c.c. of Ydiloroform 
and the solution be shaken with an equal volume of sulphuric acid of 
1*76 sp< gr., the ebloroformic layer at first becomes pink, deepening 
more or Jess rapidly (according to the qiwintity of cholesterol present) 
to blood-red," then cherry-red or purple, the lattiir colour persisting for 

J Jour Soc. Chem. JmI, xii. (1893), p. 67. 

* Ibid., j&vii. (1898), p. 276. The olive oilS' of Tunis are said to freauently give * 
a 'red or rose coloration with the Baudoiiin test, but the fatty acids do not. See , 
Chem. Tra/le Journal, 1902*624. 

» M., xiii. (1894), p. 69. 
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some time mid ehaiigiiig to a mahogany tint on prolonged standing., 
If some of the purple solution he poured into a po»’cela:n basin, tho 
colour soon fades to a dirty green and iiltiimitely yellow, hut the 
crimson or jmrple tint is r(\stored on agitating again with strong 
sulphuric acid. Tho strength of the suljihuric acid used in this test 
is impoi’tant, and a comparative experiment sliould he made with 
pure cholesterol. A crimson or purple liolour is developed, though 
slowly, with as little as h milligrms. of cholesterol in 2 c.e. of 
chloi'oform. Salkowski staU's that the sulphurii; acid which separates 
shows a strong ^reeii Riioresconce. With p "o cholesterol (probably 
from gall-stones) and sulphuric acid of Ti ^ gr., we have been 
unable to obtain more than a faint, lluorescet ■! that only after 

standiiui' for a day or two. l.ewkowitsch I ' that the green 

iliioresccncc is caused by the pre.sence of isocho, \ 

{!>) With Acetic Anhydride and Sulphuric A(X 
to a cold solution of cholesU'rol in accti(! anhydrid\ ^^itrated sill* 
phni'ic acid he added, drop by droj), without shakiiij^. colora- 

tion, (piickly changing to blue, is produced when' tin lids meet. 
On shaking, the whole Ikpiid becomes deep blue, sh/.vl^ Wging to 
gri'cn or hluish-green. This I'oaction is very delicate, anew S given 
by loss than 1 milligrm. of cholesterol in 2 c.e. of acetic aniiydrido. 
ls(K'holcstcrol gives the same reaction {Sr/mf A violet or violet- 
red eoloi’ation is given also by solutions of colopliouy and rosin oil 
ill acetic anhydride, but in these leases tho colour (which is produced 
by oac dn/// of sulphuric acid and shaking) docs not change to blue, 
but cither fades slowly to a neutral tint or (if heated) clianges to a 
brown or yellow colour. 

(c) With Nitric Acid {Schiff). — A crystal of cholesterol heated 
with a drop of concentrated nitric acid and slowly evaporated leaves 
a yellow spot which is turned red by ammonia. Isocholesterol gives 
the same reaction (Sch/// 

(d) With Hydrochloric Acid and Ferric Chloride -If a 

little cholcstci’ol he triturated with a drop of a mixture of 5‘vol8, 
strong hydrochloric acid and 1 vol. of ferric chloride solution, and 
slowly evaporatiJil to dryness, the particles which have remained un- 
dissolved assume a violet-red colour, changing to blue. Some other 
substances, such as oil of turpentine and camphor, behave in the 
.'ijimc way. Isocholesterol does not give this reaction. 


IV. Detection of Rosin,0il. 

(a) The Liebermann-Storch Reaction.^ — If a small drop of rosiir 
oil be dissolved in 2 or 3 c.c. of cold acetic anhydride and one drop 
of sulphuric acid of sp. gr. ^-53 be added to the liquid and shaken, 
a characteristic violet-red coloration is produced, becoming redder, y 

* Jour. Sor.iHicm. lud., vii. (1888), pp, 136^136. 
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then l)rovvn' or jjfrooiiyi-ln’own. This reaction is f^iven even })y 
highly-refined rosin oil. 

* To detect rosin oil in mineral «i7, 2 c.c. of the siiiiiple are shaken for a 
•minute or two in u dry test-tiiho with about 3 of acetic anhydride at a 
gentle heat and allowed to separate. After (tooling, the acetic anhydride is 
drawn off with a fine ])ipe,tte ayd transhwred to another tube, or, ])referahly, 
thelmiid ispoure<l on to a small filter ])r(‘vi<nisly moi.stened with acetic an- 
hydride, when tin* oil will remain on the filter and a bright filtrate will he 
obtained. To this liltrate one dr(»]» of sulphuric, acid (tf sp. lt. I'oif is added, 
and in thejn-esenceof rosin oil an immediate*, very fugitiYff c-oloration, vary- 
ing from violet-red to cherry-red, is obtained. Pure mineral oil gives a 
yellow or brown (;olonr, whicli is sometimes so dark as to obscure the losiu 
oil reaction. In such cases, the te>t may be made more delicate by jtonring 
one drop of the acetic, anhydride liltrate into another tidte before adding 
sulphuric acirl ; on diluting this with 1 or 2 e.c. of acetic anhydride ami 
adding one droji of sulphuric acid to the diluted li«juid, the Auolet coloration 
is more plainly seen. Pive per cent, of rosin oil may be thus detected. 
Morawski ]>oiiits out that the dark coloration of mineral oil with sulphuric 
acid is intensified by the ajiulicntion of too much heat in shaking tln^ oil 
with acetic anhydride, and tliat if the extraction be done in the (!old a paler 
colour will be obtained and the, rosin oil reaction will be less obscured. 

Owing to the fact that cholesterol and j>hyti>sterol also giyi* a violet c.olora- 
tion with sulphuric acid in acetic anhydride solution, Storch has stated that 
this test c,annot be relietl u])on for the detection olrosin oil in the ])resence 
of fatty oils ; but Morawski has found that th(4fest is aji] dicable to most 
vegetable oils, wliicli, when ]mre, give only green, yellowish, or yell^ifili- 
brown cxdoratioiis. If, therefore, the pre..*-eiice of rosin oil in a fixed ® be 
suSiieeted, the cidoration otdained should he compared wdlh that yielded 
under similar conditions hy a jmre sanijde of the same iix(*d oil. In the 
case of oils such as .shark -liver and others which, owing to the presence ()f 
choJesterid, do interfere wuth the test, Lewkowitsch suggests that the oil 
.should he isapouified, and after extraction of the uusaponifialde matter 
(including cholesterol) with ether, the fatty acids lilatrated from the soap 
solution should then he tested for rosin acids, which always acconi})any 
rosin oil. If the .saniph* under test contains added rosin or ro.siii soa]), this 
d^iceof cimrse fails ; rosin oil must tlieii he searched for in the unsaponiti- 
alde matter by other tests. 

- (/;) Holde’s Test. — According to Hohle,^ if 5 c c. of oil be vigorously 
i^haken in the cold with b c.c. of sulphuric acid (1 ’60 sp. gr.) the acid 
layer which separates assuinos a distinct red colour in the presence of 
fmii oil. The v(*getable and animal oils and most mineral lubricaf- 
ine oils impart only a faintly yellow to yellowish-brown or ^ass-green 
’’.jcofour to the acid. Various kinds of fish o% imperfectly refined 
"mineral oils, also tar qil, cause a dirty brown-red coloration of the 
acid ; an4, in sucii cases, the detection of rosin oil by means of this 
treaction Is only made possible by extracting it with 90 per cent. 
Wcohol and urixing the alcoholic extract in a test-tube with a small 
f^uahtity of sulphuric acid of 1’53 sp. 'gr., which is allowed to flow 
doW the side of the tube. 

e^Mermchmy der Sehmierm'ttcl, p. 116. 
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Holde states that 1 per cent, of rosin oil can fa* detected by this ‘ 
reaction, but our experience is that the test is decidedly less delicate 
dian the Liebennann-Storch reaction. Pure rosin oil certainly gives; 
i very characteristic bright red colour, which distinguishes it at once 
’roni pure nnneral <al, but comparative experiments with pure mineral ' 
hi and mixtures of the same with rosin oil in diflerent proportions 
diowed that the mixture containing 5 per cent, of rosin oil gave only 
i very slightly redder colour than the mineral oil alone. The 
lilFerence was distinct with 10 per cent., and still more so with 20 
per cent, of rosili oil, but tiio reaction could not be depended upon^ 
[‘or the detection of 10 per cent., except by making a blank experi* 
tnent simultaneously with the pure minehil oil. Shark-liver oil and 
seal oil gave a red-brown colour, as stated by Jlolde. lletined rape 
)il scarcely coloured the acid, but with blown i-ape the whole mixture . 
i)ecame nearly black in colour and the acid could not be distinguished 
from the oil,' 


V. Detection of Eosin Acids (Rosin). 

The Liebermann-Morawski Reaction. -If a few milligrms. of col- 
ophony be dissolved, by warming, in c.c. of acetic anhydride and;- 
the solution be made quite cold, on adding one droji of sulphuric acid*' 
of 1*53 sp. gr. and shaking, a pure violet colour is produced, slowly 
fading to a neutral tint With concentrated acid the colour is redder, - 
and if the li(piid be heated (c.//. by adding several drops of acid 
as in testing for cholesterol) the colour changes to brown or yellow, 

To detect rosin in an oil^fat, oi' grease by iiicaiis of this reaction, the sub- 
fitaiict^ should lirst b(* sapoinfied and the soaj) solution shaken with ether to 
reiiKU'e unwiponifiable inatters, especially rosin oil and (cholesterol. The 
fatty acids arc then obtiiined from the soap solution and a small portion is 
dissolved in acetic anhydride in the cold, or at a very gentle heat. Tlie” 
solution having been niade quite cold, sulphuric acid ol sp. gr. 1'5^ i$ 
allowed to flow dowai the side of the lube, and in the presence of rosin acids 
a coloration varying from violet to violet-red is prtxluced where the liquids- 
mix. Lewkowitsch recommends this test as thoroughly trustworthy in all 
cases. 


S.-Diy:ECTI0N AND DETERMINATION OP ROSIN OIL 

IN mine;ial (unsaponipiable) oil. 

(a) The Liebennann-Storch Colour Test.* (See p. 293). 

(h) The Acetone Test. — According to Demski and l^forawskij^ 
rosin oils mix with acetone in nearly all proportions, whilst minemlj 
t)iis require several times their volume of acetone to effect complete 

■ ^ St *0 also Holde, Joitr. Soe. Chein. Ind., ix. (1890), p. 419, and Grittner, 42^.^ 
X. (1891), p. 728. . . .5 ,, 
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solution J If, tlicrcfore, an iinsaponiliablc oil gives a clear solution 
with an equal volume of acetone, it is eithei’ a pure rosin oil or a 
mixture of this with very little mineral oil ; if an insoluble Tesidue 
remain, it consists of mineral oil. Wusderhold,'-’ who has proposed 
the same test, states that the a(;etone must be dry and free from acid, 
but that the presence of aldehyde is of no importance. The difference 
between the solubility of rof’in oil in moist and in dry acetone is very 
considerable. Rosin oil will dissolve in half its volume of dry acetone 
at 15° 0. 

(c) Finkener’s Test. — Kinkener^has ])roposed the^lse of a solvent 
prepared by mixing at 15'5“ (\, 10 volumes of alcohol of sp. gr. 
0’8182 with 1 volume of chloroform. Rosin oil dissolves in from 10 
to 12 volumes of this mixture at 23“ whilst mineral oils are not 
completely soluble even in 100 volumes. Occasionally rosin oil is 
met with which, when dissolved in 10 volumes of the mixture and 
allowed to stand for several hours at 23' (j., deposits an oily sedi- 
ment amounting to from 3 to 7 per cent, (jf the rosin oil taken, but 
if 12^ volumes of the mixture Ix^ used instead of 10 volumes, any 
insoluble residue then obtained may be assumed to be mineral oil. 
Wiederhold ^ considers that the necessity of working at 23“ renders 
the above test impracticable, and he states that if 1(5 volumes of the 
chloroformic alcjohol be used the test may be piade at a tempcTxturc 
of 15* C. ^ 

, ((/) Polarimetric Test. — According to Valeiita, most rosin oils 
arc strongly dexti'o-rotatory, the rotation varying from 30° to 40° 
in a 100 mm. tube. Dcinski and Morawski observed a rotation of 
about 50°. The rotation of seven samples examined by Relgry at the 
Charlottenburg Versuchsanstalt varied from 32° to 42°.^ On the 
other hand, pure mineral oils are, as a rule, optically inactive, one 
sample only having been found to give a rotation of +1*2°. Dark 
coloured oils must be decolorized by filtration through animal 
char(joal. 

(e) Determination of Eosin Oil by Valenta’s Method. ‘’—(llacial 
acetic acid at 50° C. dissolves rosin oil much more freely than 
mineral lubricating oil. Thus, Valenta found that 100 grms. of 
glacial acetic acid dissolved at 50° C., from ten diffeiciit samples of 
mineral oil experimented with, quantities ranging from 2*67 tl> 6*50 
grms. ; whilst the same quantity of glacial acetic acid dissolved 16 '88 
grms. of rosin oil. Walker and Robertshaw^ similarly found the 
solubility of a sample of mineral oil in 100 grms. of glacial acetic 

1 Borneo mineral oil of s{).<gr. 0'97 to 0*99 is readily soluble in an equal volume 
of acetone. . •It does not, however, give the Liebermaiin-Storch reaction. ( J enkins) 
1502, 240, 

Amlyst^ xviji. (1893), p. 206 ; Jour, iioc. C/mi, Ind., xii. (1893), p. 661. 

‘ Holde, Die UMersuchung der Schmiermittd, p. 116. 

I Amlyst, xviii. (1 892), p. 207. 

Holde, Dk Vntcrsuchung der Schmiermitlelf p. 118. 

Jodr. SQcJChcm. hid,, 1884, 643. 

Analygt, 1902, 238. * * * 
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acid to })c 4 ‘4 ^rms., and of two samples of rosin oil lo be, respectively^ 
16-8 and IG'G grins., thus confirnihig Valcnta’s figures. Upon this 
difTerence t)f solubility Valcnta has based the follovving test: — 

2 ('..c. of the suspected oil arc mixed iu a test-tube with 10 c.c. of glacial 
acetic acid ; the tube is immersed in water at 50“ G. and fretpicntly agitated. 
The acid is tlien filtered through a danij* filter, tlie second tliird of the 
filtrate being collected, A weighed (juantity of this is titrated with 
standard alkali, and l,he amount of ac-etic acid (ialciilahvl. The difference 
between this weight and that of the quantity taken is the amount of oil 
dissolved. 

Valcnta found that the solubility of a mixture of rosin oil and 
mineral oil was not pro]x)rtional to the relative (juantities of each in 
th(' mixture, and, therefore, lie did not consider the above a quanti- 
tative method. On the other hand, Walker and Robortshaw found 
that a mixture of equal weights of mineral oil and rosin oil gave 10*84 
per cent, of dissolved oil, theory reipiiring 10*59 per cent. They, 
therefore, consider this the best method of analysing (piantitatively 
a mixture of mineral oil and rosin oil. Allen lias pointed out that 
errors would be caused by the jiresence of rosin acids in the rosin oil. 
He [imposed, therefore, to neutralize the greater pai't of the acetic 
acid with alkali, dilute witli water, and exti*aet the I'osin and mineral 
oil with ether. Probably the best method of proct'dure in all cases 
would be first of all to saponify, extract and weigh the nnsa[)onifiable 
matter (thus freed from rosin acids), and examine this by Valenta’s 

' method. The rosin acids, together with fatty acids from any fixed 
oil present, could he recovered from the soa]) solution and separately 
determined. 

(./■) Determination of Rosin Oil by Storch’s Method.^— According 
to Storch, rosin oil mixes with absolute alcohol in all proportions, 
but the presence of a conqxiratively small pro[)ortion of water greatly 
reduces the solubility. Thus, 90 per cent, alcohol dissolves from 11*3 
to 1G*2 per cent, of rosin oil, whilst 90 per cent, alcohol dissolves 
only from 2*G to 4*0 per cent. Mineral oil, on the other hand, is 
much less Soluble than rosin oil. Upon this difference of solubility, 
Storch has bas‘*d the following method for the determination of rosin 
oil when mixed with mineral oil : — 

* 10 grille, of the unsaponifiable oil, which has been proved by the 
foregf)ing te.st8 to contain rosin oil, are gently warmed witli 50 grms. of 96 
[ler cert, alcohol (h[). a. 0*8123), then well shaken and allowed^ to cool. 
All the rosin oil, even it 50 per cent, be present, will now be dissolved in 
the alcohol, together with son^e of the mineral o^l. The alcoholic solution 
having been carefully drawn off with a fine pipette and tran^erred to a 
small Erlenineyer flask about seven cm. high, the surface (only) of thy 
uiidissolved mineral oil is rinsed with a few c c. of 90 per cent, alcohol! 
which is also transferred to the^ask. The latter is then placed on a water-l 
bath, surrounded by a bottomless beaker, and the ah'.ohol is gently boiled 

^ Jour. Hoc. Chem. vii. (1888), p. 136 ; Analj/st, xiii. (1888), p. 71. ... 
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When the residual oi^is free fruiu Imbhles, it is cooled and weight'd. {Bnauhie 
A.) Storch has ])i‘Oved that hy cvajxmitiiig off the siarit in this way tlie 
lofe of rosin oil is im]»erc-e.])tible ; if a beaker l>e used it is greater, thougli 
very small ; but in a Ijasin a large loss occurs. Residue A is next wanned 
and sliaken, exacl-l y as before, witli k'U times its weight of 9(5 ])er cent, alndiol, 
i.e. with just enough to dissolve it if jmre rttsin oil, and the solution is 
again evajutrated and the residue weighed, {Ikddue Ji.) Both residues 
, contained the wlioh* of the roi^n oil plus as much mineral oil as the alcohol 
used could dissolvi', ; I ml, as in the second extraction less ahtohol was used 
than in the first, an insoluble residue remained, consisting of the mineral 
oil dissolved by the dill'ereiice between the two quantities spirit emjdoyed. 
Knowing the weight of this residue (— wt. ot A — wt of />) and the weight 
' of the alcohol in which it was dissolved, the solubility of tlfe mineral oil 
can be calculated. The weight of mineral oil in residue Ji is thus found, 
and the ditference is the weight of lusiii lul in the 10 gnus, of oil taken. 
Storch found by experiment that this result is a little below the truth, and 
that the ('orrecit result is more neaily tlie mean between this iigure and the 
weight of residue I>. 

' Example. 

' 1 1 "22 gnus, of mineral oil containing 10 per cent, of rosin oil were taken. 

/Jnus Onus. 

1st Extraction, , . Alcohol usc'd, 50-0 Residue d, 1T)130 

2nd „ • • >» E5‘5 „ h, I'E^^ 

l}ilI'(*r(3U(a‘S, , . . Alcohol, 3'^^ Mineral oil, 3«)52 

Therefore, 34’r) gnus, of alcohol dissolved 0*3552 grin., of mineral oil, and 
therefore 15*5 grins, of alcohol dissolved 0*1595 grin, of mineral oil. 

' Deducting 0*1595 gnu. from the weight of residue Ji leaves 0*9089 gnu., 
or 8*90 per cent, of rosin oil. Residue Ji witlioiit this correction is 
equivalent to 10*32 jier cent. The mean value is 9*60 ])er c,ent., whicdi is 
'.hot far from'the truth. 

[tf) Determination by M‘Ilhiney’8 Method.^ — This method depends 
upon the fact that nitric acid, when heated with rosin oil, converts^ it 
into a brittle red resin, whilst mineral oil is not much affected. The 
red resin is insoluble in petroleum ether, in which the mineral oil 
.easily dissolves. 

" 50 C.C. of nitric, aiud (.sp, gr. 1*2) are heated to boiling in a Hask of VOO c c. 
capacity. The flame is removed and 5 grins, of the oil arc diopped in. The^ 
flask is then heated on the water-hath, with frcipunt shaking, for fifteen to 
twenty minutes ; about 400 c.c. of cold water are then added, and the liipiid is 
' quite cold. The unchanged mineral oil is thtfn diss-xilved by shaking 
petroleum ether, which is separated and distilled off in the usual 
^manlier, and the residual* oil is weighed. As mineral oils lose about 10 
|j»er ceiit. ^icn tlms treated, the weight obtained, divided hy 0*9, gives the 
iniouiit tif min eral oil in the quantity of oil taken. A mixture consisting of 
1-6 per cent, mineral oil and 24 per‘ cent, rosin oil gave, by this method, 
f6*8 per pent, of mineral oil. * 

nr. Amer. Chem. Sue., xvi. (1895), p. 385. 
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T.-DETERMINATION OP PARAFFIN IN MINERAL OILS, 

The following method ^ is due to llold(‘ (jifler hhujUr and Bohm), 

It will seldom bo required, but may oeeasionaily be found useful. 

10 to 20 C.C. of oils poor in paraffin (Kussian distillates, ek., setting below 
“5‘' C.), or 5 gnus, of such as are rich in thatfconstitiniiit (American, Scotch^ 
or (luliciaii oils setting at or above 0" 0.), aiv tivaU'd, at the ordinary 
temperature, with a mixture (»f 98*5 per cent, alc-ohol and anhydrous ether 
(1 : 1) until a cleA' solution is oblained. Tlie liquid is c(H)led in a freezing 
mixture' of ic,e and salt to about -20" to -2] ' (1., when imae alcohol-ether ie 
gradually added, with thorough agitation, uutd no od dro]>s, hut only solid 
]>araffin Hakes or (ayslals, remain in snsfxmsion, and then, whilst still 
cooled In at lea^t 19" to 21’ (i. the. lujuid 
is jtonred on In a chilled 9 cm. filter jMiper, 

])ieviously UKUstened with the alcohol-ether 
mixtun', which is c-outained in the a}>- 
])aratus shown in fig. 74. The i)recipitate 
i.'. washed with cold ( -19" to -21" C.) 
alcohol-i'ther (1:1; or for soft paraflin 
2:1) at a tem])erature as much helow 
-15" C. as |)os.sihle. In the case of soft 
)>avalfin, the teiiijierature should avcjuige 
-18” to 19" at the highest. In washing 
the precipitate it is repeatedly stirred uj), 
and as soon as 5- 10 c.c. of tln^ liltrate 
lea\('s on ('.vaporatioii only a trace of fatty 
or ]»ara(Iin-like residue, solid ami not oily 
at. the ordinary kmperature, the washing 
is disc.ontiiiuea. If any doubt exists us 
to the paraffin being thoroughly freed 
from oil, or if the washing takes too hmg, 
the filter should he reiiutved to another 
funnel, and the contents di.s.solved inU» a 
small flask with the least possible (piantity 
of benzine. After evaporation of the 
benzine, the paraffin is redissolved in 4 
to 5 c.c. 0 ^ warm ether, Avliich is then 
mixed with twice its vAnme of absolute 
alcohol, vigorously stirred, and cooled to 
-18" to -20" to reprecipitate the paralfin, 

^hich is again filtered and waiuied, as 
already (kiscrihed, until free from ml. 

This reprecijiitation is^necessaiy for oils 
containing much soft paraffin, otherwise Fiu. 74.~l)etcriuiiiation of 
so ninch liouid is used in washing the ^ Paraffin, 
precijiitate tliat an appreciahUi quantity ^ . .• 

paraffin. is dissolved. Tlie purified paraffin is finally dissolved into a tare^ 
ft'sk with hot benzine or ether, which is distilled off, and the residue is heate® ^ 
on the steam-hath until the si%ell of benzine or etlier has disappeared^;. 
The flask is then heated inside the water-oven for a quarter of an hour 
weighed when cold. Prolonged heating causes loss of paraffin. The wholes 

^ Jour, ^c, Chem, Ind.^ xvi. (1897), p. 362. 
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operation occujtioH from one t<i two liouis. l)iij)licatc results with the same 
sample agree within 0’2B p(*r eoiit. for hard paraffin and 0*33 pe,r cent, for 
.soft paraffin. Two samples of lliissian machine oil yielded 0‘34 ;'er cent, and 
0'36 per cent of jiaraffin, resjxictively. An Americ,an sj)iiidle oil, fluid hut 
thick at +2" C., and which set at 0" C., was found to contain 4T1 per 
cent of paraffin. 


U.-ASPHALT AND RESIN IN MINERALS OILS. 

Such slight teiideuev to ‘gum’ and form stieLy or resinous 
deposits as is possessed hy pure mineral lubricating oils is attributed 
by Holdc^ to the ]m‘sence of dissolved substances of a resinous, 
asphaltic, or pitchy nature, which gradually accumulate in and 
thicken the oil Him, whenever the conditions of working are such 
that ova} K) ration of the fluid (jonstituents of the oil can take place. 
These substances are com}}ost‘d, chiefly, of (carbon and hydrogen, w’ith 
small quantities of oxygon and sulphur, and are regarded by Knglei* 
as oxidation |)roducts. They occur, chiefly, in the dark-coloured 
‘ reduced ’ oils ; in the })rocesses of distillation and rcHning to which 
the pale oils are subjected they are for' the most ])a,rt eliminated. 
Holde divides them into three classes : — 

1. Resins, soluble in 70 per cent. Alcc^p61.— These substances, 
which are obtainc'd by sliaking the oil with 70 per cent, alcohol and 
evaporating the solution, resemble colophony in apjiearance ; but 
instead of giving a violet colour in Morawski’s test with acetic an- 
hydride and sulphuric. a(5id (]>. 295), a yellowish-brown or dii'ty- brown 
colour is jiroduced. Some have acid characters and soap-forming 
properties; others are neutral. According to Holde, badly refined 
mineral oils may contain as much as 3 ‘5 per (sent, of these resins ; 
but, as a rule, the projmrtion does not exceed 0‘6 ptu* cent, in pale 
oils and 1 per cent, in dark oils. Some of these resins are soluble 
in petroleum spirit, others arc insoluble, but they all dissolve com- 
pletely in alcohol-ether (4 : 3 and also 3 : 4). 

2. Asphalt, insoluble in Petroleum Spirit.— Bender- found that 
dark-coloured mineral oils, when dissolved in pecrolenm spirit and 
allowed to stand, deposit a substance which, wdicu collected, washed, 
and dried, is a fine |)owder resembling daik brown coal in appearance, 
having a slightly bituminous smell, and burning witl\ a smokj 
flame. This substance dissolves easily in benzene, and is of the 
nature of asphalt. Holde finds that the amount of asphalt thus 
obtained from mineral, oil depends upon the sp. gr. and boiling 
point of Hiie petroleum spirit used (being largest with spirit of low 

*poiling-point) • upon the relative volume of spirit used (which should 
..ne large) ; and upon the time of standing (wdiich should be at least 
twenty-four hours). The asphalt, which usually exists dissolved and 

^ Jour, Soc. Cliem. Tivf., xiii. {189‘l), p. 668 and xiv. (1896), p. 894. 

« Ibid., X. (1891)/ p. 364*. . , 

( 
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not' suspended in the oil (the suspended particle^ seen in dark oils ' 
bein^, (thiefly, j)araiiiu coloured with asphalt), at first liissolves along 
with the #jil in the j)etroleuni spirit ; only on standing does it 
scparat(5 out, and the less there is in the oil the longer it takes to . 
precipitate. Holde states that, except as a colouring agent, the 
influence of this asphalt at ordinary temperatures is small ; but, when 
the oil is used at temperatures and under (jonditioiis in which the 
fluid liydroc!irl)ons can evaporate, the asjAialt and resins, accumulating 
ill the film, cause it to liccome thick and sticky, and ultimately dry 
and resinous. 'Jdio largest amount of asphalt, amounting to 5 or 6 - 
percent., is found in (lerman (Alsatian and Hanoverian) oils; the 
smallest (piantity is met with in American and Russian oils. 

fl. Asphalt-Pitch insoluble in Alcohol-Ether (4 : 3).— By dissolv- 
ing dark mineral oils in a mixture of alcohol and ether, Holde has 
obtained as an ins(4uble residue this substance, which includes the 
asjihalt precipitated by petroleum spirit, l)ut is much more fusible, 
resembling soft ])itch. Tlio amount obtained from a given oil in- 
creases with the pro})ortion of alcohol in the solve.nt. With the 4 : 3 
mixture, the amount of asphalt-pitch obtained from Russian oil., 
ranged from OHO per cent, in a distilled machinery oil to 5*7 per 
cent, in a railway oil ; a thick lubricating oil from Oolheim gave 11*1 
per cunt., and a very thick (;rudo petroleum from Wietze? gave 15*4 
per cent. 

For the detection and determination of these substances, Holde 
procei'ds as follows : - 

((() Ddunnhidt'um of Umhiaitoliibk in 70 pn cent. Alcohol. — 8-10 c.c. of the 
(»il are well shaken in a test-tube with an e(pial volume of 70 per cent, 
alcohol (sp. gr. 0‘8S08), the mixture, being heated. It is then made quite 
cold. Atle.r eoiujilete sejiaratiou has taken jilaee, the alcoholic liquid is 
(Irawm oil', without loss, and evaiiorated to dryness in a tared beaker 
eontaining a glass rod. When jierfectly dry and cold, the consistency of the 
residue is ascertained by feeling it with the, glass rod, and if sufficient in 
amount to he worth weighing, it is weighed. Tlunpiantity of natural resin 
thus obtained from a pale mineral oil should not, says Holde, exceed 0*3 
per emit.,, and from a dark oil 1*0 pL‘r cent. If a ([uaiiiity notably in excess 
of tliese b# obtained, the treatment with 70 ]>er ce alcohol sliould be 
reiieated until the whifle of the rcsiu lias been ^xtiacted, and after 
weighing the residue it should he tested by the Liehermann-Morawski 
reaction in order to ascertain wdiether colojdiony has been added to the oil, 
rfThe adtlition of colophony would, however, raise the acidity of the oil ; 1 per 
cent, of atklity as oleic acid being equivalent to about 1'24 per cent, of 
colophony. If, therefore, the acidity of a mineral oil (determined as 
describwt on ]>. 210) be less thanO'l per cent., not more than 0’12 per cent, 
of colo])hoiiy can be present. « 

(6) Ddection^md J )etervnn%tion of Asphalt. — About 0*5 c.c. o# the oil is 
shaken -in a test-tube or small fl.a8k with 40-50 c.c. of petroleum spiri^- 
1 >iling below 35" C., and allowed to stand. In the presence of asphal^ ' 
dark insoluble flakes appear, #itlier immediakly or within twenty-foui* 
hours, whicii, when collected on a filter, resemble asphalt in appearance 
whilst freshly precipitated, dissolve completely in coal-tar benzene. ^ 

To deterniiue the amoufit, from 1*5 to 3 grins, of an oil rich in asphalt, 
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from 5 to 20 grins. (V an oil poor in asphalt, are dissolved in from 300 tf) 
500 c.<J. of j)etrolenm sjhrit and allowed to stiind for at least twenty-fonr 
hours, when the greatcn- part of the j>ref;i})ita1e will liave settled. The clear 
liquid is then decanted through a small filter-paper, and the precipitate is 
brought thereon and well washed with ]»etroleum spirit until the tiltiatc leaves 
no oily residue on evaj vocation. The asphalt is then immediately ^ dissolved 
off the filter by means of pure benzene, the solution is evaoorated in a 
tared dish, and the residue js dried at loO" 0, and weigheu. Dujdicate 
experiments with tlu* same lil are said to agree within O'l per cent., 
provided tlie same description of petroleum s]»irit is used, but not otherAvise. 
For example, an Alsatian oil gave with petroleum spiri^ boiling between 
60" and 80" U. only 2’1 per cent, of asphalt, but the ^ame oil with s}»irit 
distilled below 50' C. yielded 5*5 j)er cent., and with spirit boiling below 
41° C., 5‘7 per cent, of asphalt, 

(c) IHectinn and I ktermiwilion of Asphalt-Pitch . — If about 0‘5 e.c. ot 
theod be dissolved in 5 c.c. of ether, and 7 c.c. of absolute alcohol be added, 
both the asjdialt and the soft pitch separate in the form of a tenacious deposit 
which clings to the sides of the glass. This deposit is entirely s luble in 
benzene. jPetroleum s])irit dissolves the pitch and leaves the asphalt. 

To determine the amount, 1-2 gnus, ot the oil isdissidved in 30 to 40 c.c. 
of alcohol -ether (4 : 3) in a AA*ell-stop])ered Mask, and, after well shaking, the 
flask is allowed to stand for one or two days. The solution is then poured 
through a small til ter, and the flask and filtyj' are well washed with the 
alcoholic ether until the filtrate leaves no oily residue after evaporation at 
the ordinary tern [te rain re. Then the asphalt-iatch clinging to the sides of 
the flask, and any that has found its way on to t]^ filler, are dissoh^ed in 
the least pos.sible (piautityjit hot benzene, which is evajiorated in a tared 
dish and the residue weighed after drying at U)0“ C. untd constant. 

Small (piaiititics of resinous and tarry matter are obtained from 
most mineral lubricating oils by boiling with alcoholic soda solution, 
as in the process for determining the amount of saponifiable matter 
(E, II., p. 22H). After the alkaline liquid has been freed from all 
mineral oil by shaking with ether, if it be acidified and again sliaken 
AVlth ether, and the latter drawn off’ and evaporated, the resinous 
matter is obtained us a more or less dark-coloured residue. 


V.— CAOUTCHOUC IN MINERAL OIL. 

Caoutcliouc is sometimes dissolved in mineral lubricating oils to 
pr^uce a factitious viscosity. In a case investigated by Holde,*’ 
$ cent, of caoutediouc was found to have incTcased tlii^ apparent 
idscosity of an oil from 21*2 to 117 [Kwjler)* The adulterated oil 
was of an adhesive or tacky nature, pulling up in threads when 
touclied* • J'f^ted in a ‘Martens' machine, the coefficient of friction 
foiuid to be so high, and the rise of temperature of the bearing 
^ rapid, as to condemn the oil as a lubricant. By dissolving the oil 
In a mixture of alcohol, 3 parts, and etiier, 4 parts, the caoutchouc 

[ If allowed tb stand, the piwipitate is apt to become less soluble in benzene. 

^ * DU Unkrsuchmiy der Stlmi$rmitiel, p. 122. 
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was left insoluble, and the amount present was detfjrmined hy collect- 
ing the insoluble flahes, washing, drying and weighing them. 


W.— DETECTION OF SOAP AND INORGANIC SUB- 
STANCES IN MINERAL OILS AND GREASES. 

Kor tlie dete(;tion of soap in liihrieanl^ the determination of ash is 
a valuable guide (s(*e p. 301 ). As a further test, about 0*5 c.c. of 
the sample mayj)e shahen with 5-10 e.c. of petroleum spirit (redis- 
tilled below 75“ (1.), until dissolved or thoroughly disintegrated. 
Two easi's then present themselves ; - 

(а) A clear solation is- oUairnd. -Add 1 c.c. of Scihweitzer and LnngMdtz’s 
i-e;igeiit (a saturated solution of metaphosj)horic acid in absolute alcohol, 
made by shaking cxc-ess of the powdered mud with alcoln*! in a stoppered 
bottle).' If soap be present, even in traces, a iloccnlent precipitate will be 
produced. 

This test was specially devised for the detection of small (piantities of 
aluminium soap (‘ viscom,’ ‘ gelatin’) wdiich are .sometimes added to mineral 
oils to ju'oiluce a factitious viscosity. The reaction depends ujion the fact that 
whilst free metaphosphoric acid is soluble in alcohol and in ether, aluminium 
nieta])hos])hate and the melajihosiihates of the alkalies and alkaline earths 
are insoluble. The authors of the k*at have proved by experiments with 
a large number of fixed oils and fats, mineral oils, rosin oil, vaseline, etc., 
that if no soap be jiresent no juveipitate is obtained in twenty-four hours, 
Some waxe.s, however, also ozokerite, are jirecipitated from their solutions in 
pfitroleiim siiirit hy absolute alcohol ; therefore, if pure absolute alcohol (free 
tr<tui jihospliuric acid) be found to give a precipitate, the test must 1)6 re- 
peated, using ordinary ether as tlu‘ solvent and a solution of metaphosphoric 
acid in ether as the reagent. 

(б) An ijmiuhle redilm if necessary, a larger quantity 

of the substance in more petroleum spirit, filter tbrougb a small filter paper, 
and wash with })etivdeum sjiirit until all soluble oily matter is remov^. 
Then drive oR’ llie petroleum spirit by e.vaporatioii, transfer some of the dry 
resiilue to a .small te.st-tube, and heat it with dilute liydrochloric acid. Soap, 
if present, will be decomposed, and the fatty acids .set free will he seen 
floating oil the liipiid, either while hot or after cooling. If the result -be 
uncertain, sliake the cold liquid with a little ether, draw off the ether* with 
a pipette, and evi^porate it in a w'atcli-gla8.s to detect the fatty acid, wbidh 
will crystallize on solidification. Resin would be recognized by its physical 
characters. The base of the soap, whether aluminium, calcium, soaium; 
liad, etc., n^ay be detockd by pouring the acid solution tlirongli a wet filtei 
and applying the usual tests. 

Another iiortion of tin* residue insoluble in petroleum spirit may be burpl 
in a small platinum dish or porcelain crucible. If no ash remain, th* 
ilJ^oluble matter wa.s free fron^soap. If soap be fireseiit, an ash aconsistiaj 
-of the carhonatff or oxide of the metallic base will be obtained, 
ji- The residue insoluble in petroleum spirit may contain, besides soap, othei 
8ubs,anceB, such as graphite, Boap.stone, chalk, lime, barytes, starch, etc. . ■ , 
' Orapkite would be recognized*by ite blackness and lustre. It would bi 
difliciilt to burn, requiring a high temperature or a stream of oxygen. Sdaj^ 

I Jmr. Sb(f. Chem. Ind., xiii. (1894), p. 1178. 
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stone hnrtfies wuxSii] <]iss{>lve in diliite liydroclilorio acid, and could 
be filtered olt‘ and identified by the usual qualihitive tests. Free Him would 
give a red colour with phenolphthalein ; ekalk would not, but would 
effervesce on adding acid. Stairh woidd be detected by the 'blue colour 
with iodine. 


X.-DETERMINATION OF ASH. 

The ash of any oil or fat free from water may be determiued by 
weighing 10 grins, in a tared platinum dish, placing the dish at the 
mouth of a gas mnflle floated to dull redness, ana, as soon as the 
oil begins to smoke, igniting it with a match. The dish is then 
placed in such a position that the oil will burn quietly away, 
most of the smoke b(3ing drawn into the muffle (which is perforated 
at the back). When nothing but a charnd mass remains, the dish 
is placed inside the muffle until the carbon is completely burnt off, 
then carefully removed to a desiccator to cool, and weighed. The 
particles of ash arc often very light, and ma}" easily be carried away 
by currents of air. 

In 22 samples of pure mineral oil examined by Archbutt, mostly 
dark-coloured machinery oils for railway work, the percentages of ash 
were: — maxmum, O’Ob^ ; minimum^ ()'002; ayemr/c, O'CIT). In 3(3 
samples of dark cylinder oil, the following percentages were found 
tnaxininni, O’OeSQ ; ndnimuin, 0’002 ; averaj/jf^ 0*025. These ashes 
were generally red in colour, an(f probably consisted largely of oxide 
of iron from the still. Pale, refined, mineral oils may be expected 
to leave muchl^ws ash than the majority of these samples. If a high 
ash be found in a pale mineral oil, an alnminiiUH scn\p (‘viscom, 
‘ gelatin ’) may have Ixicn added to produce a factitious viscosity ; in 
that case the ash will consist, chiefly, of alumina. 

- Pure fatly oils and fats leave mere traces of ash, bone fat, which 
contains lime, being an exception. 

Soap-thickened greases which contain water should first be heated 
over a very small flame and stirred with a platinum rod until all the 
water has evaporated. The dish, and the rod which «>ihould have 
been weighed with it, are then jdae^ed in the mouth of the muffle ant 
treated as above directed. Tii the prese-nce of soap, "me)re or less con 
siderable quantities of ash will be obtained, consisting of calcium oi 
sejdium carbonates, etc., etc., according to the nature of the soap. 

Y.— DETECTION OF NITROBENZENE AND NITRO- 
■ NAPHTHALENE. 

• 'These compounds are used for the purpose of disguising the 
presence of mineral oils, by destroying their fluorescence or ‘ bloom. 
Nitrobenzene is easily recognizable by its powerful and characterist^ 
pdoui’.of oil of bitter almonds, but nitvonaphthalene cannot 'b( 
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ietected by its smell. Greases are frequently :'?<jentud wfth nitro- 
benzene to disguise the nature of the fat or oil used in their prepara- 
tion. For tie detection of nitronaphthalehc, the following test, 
lepending upon its reduction to naphthyhmine, has been proposed- 
t)y Leonard ^ and by Holde.'^ 

A few cubic centimetres of the oil are warmed in an Erlcnmeyer flask 
with zinc dust and dilute hydrochloric acid, and the mixture is frequently 
igitated. During this process, the fjecal '^»dor.‘ characteristic of o-naphthyl- 
irnine will he percoivea. After the reduction is complete, the contents of 
the flask are j)onjed into a separating funnel, and the acid liquid is drawn 
bff throu|»h a niter paper into another separating funnel. It is there treated 
with siifticieiit caustic soda solution to redissolve the zinc liydrate at first 
precipitated, and, after cooling, is shaken with ether, which dissolves the 
liberated a-naphthylamine, the presence of wliicli is indicated hy the violet 
colour and fluorescence of the ethereal solution. The latter, after drawing 
[)tt‘ the a([ueou8 li(piid and washing with water, is evaporated to dryness, 
leaving a residue of the violet-coloured base. On treating this residue with 
a few drojis of hydrocliloric acid, the. chloride is formed, which remains 
[lartly insoluble and ]>arUy soluble, but, on evaporating the excess of acid 
and adding water, a clear aqueous solution is obtained, in which ferric 
chloride gives an azure-blue precipitate. When filtered, this precipitate 
becomes purple-red, and the filtrate blue-violet. Instead of treating the 
residue with bydrochloric acid, and testing with ferric chloride, it may be 
dissolved i\\ a little alcohol. On then adding a drop of a solution of sodium 
nitrite acidified with acetic acid, a yell(w colour is produced, which is 
changed to crimson by hydrochloric acid. 

NiDrobeiizeiie,*if present, is reduced by the zinc dust and hydrochloric acid 
to (jiniline, which is obtained on evaporating the ethereal solution as described 
abofVe, either imre or mixed with a-naphthylamine, according to whether 
nitronaphthalene wt*re simultaneously jn-esent or not. On treatment with 
hydrocliloric acid, pure aniline dissolves readily, and on diluting and adding 
ferric chloride a green precipitate is produced, which afterwards turns deep 
blue, and does not become purple-red even on long standing ; tlie filtrate, 
instead of being blue- violet, is yellow. When a-naphthylamine and aniline 
are present together, the precipitate is at first azure-blue, afterwards dirty 
red-brown, finally purple-red, and the filtrate is violet. 


Z.-DfiTECTIOlT AND DITEEMINATION OF WATER. 

« 

Tite presence of water in pale oils is indicated by the appear- 
ance of tiy'bidity, or by actual visible drops of water which sink in 
the oil, instead of rising as air-bubbles do. Water in greases is 
indicated by the frothing and crackling which occurs when a small 
iiuaiitity of the grease is heated in a dry test-ti4be, and by the con- 
densation of drops of waf^r on the upper, cool part of the tube; 
whilst -the grease, if free from water, will melt quietly to a clear ^uid. 
ix more delicate test for the presence of traces of water in oils 
(especially dark oils) is recommenced by Holde. A small quantity 

^ Chm. Nietos, Ixviii. (1893), p. 297. 
r Jour. &oc. Chem. Ind.^ xiii. (1894), p. 906. 


2 (^, 



306 


LUBRICATION AND LUBRICANTS. 


(3 or 4 ci.) of the oil is placed in a small dry test-tube, the interior 
of which if^ first coated all over with a film of the oil. The end of 
the tube containing the oil is then heated by being i.nm^rsod just 
below the surface of a paraffin bath at 160°-180'* C., when, if the 
sample contains water, the vapour will condense on the cool, oily, 
inner surface of the tube, above the level of the oil, forming a visible, 
cloudy emulsion. 

The determination of water in lubricating greasefl may be made l)y one of 

the following methods : — 

1. By heatimj in an air-bath at 105“-110'’ C'.— About 5-10 gnus, of the 
well-mixed grease are placed in a small tared beaker, and the exact weight 
is tak(‘n. The beaker is then heated in the air-bath at 105'’-110“ C. until 
frotliing has ceased and the grease has melted down to a clear oil free from 
visible (Irops of water. It is then cooled and re- weighed. 

2. By stirring with a iherTnorneier over a naked fiawe . — 100 gnus, of the 
grease arc heated in a weighed porcelain basin over a small flame, and con- 
tinually stirred with a thermometer at a temi>erature not exc-eeding 105“ C. 
(221" F.), until frothing lias ceased and the grease is in calm fusion. The 
basin and contents, when cold, are reweighed. If tlui thermometer bulb be 
well drained iiUo the liasin whilst hot, the small (piantity of adhering fat 
may be neglecte<l ; or, the bulb may be wiped with a small piece of filter 
paper counterpoised with the basin. 



C[IAPTEE VIIL 


THE SYSTEMATIC TESTING OF LUBRICANTS BY PHYSICAL 

AND CHEMICAL METHODS. 

The analytical exainhiation of lubricants is conducted with different 
objects and on different lines according to the nature of the sample 
to be tested. If this l)e an undescribed oil, the primary object is to 
ascertain whether tiu! sul)stancc is a hydrocarbon oil free from fixed 
oil, a fixed oil or fat free from hydrocarbon oil, or a mixture of the two. 
An undescribed hydr()(;arbon oil may be a mineral oil from petroleum 
or shale, a rosin oil, a coal-tar oil, or a mixture of these, A mineral 
oil is subje(;ted, chiefly, to physical tests to ascertain its viscosity, 
flashing-])oiiit, etc., in order to determine whether it is suitable for 
u.se as a spindle oil, a machine or engine oil, or a cylinder oil ; and to 
such chemical tests, in addition, as will show whether the oil has been 
sufficiently refined, and is free from acidity and from rosin and coal- 
tar oils. A fixed oil, such as rape oil, olive oil or tallow, is tested 
first of all to ascertain whether it is sufficiently free from acidity 
(see p. 218 ), and then more elaborately to prove whether the 
sample is genuine or adulterated, and especially whether any oil of 
drying or semi-drying character has been added which would tend 
to increase the natural tendency of the oil to thicken or gum by 
oxidation. A mixed lubricant (which includes most greases) con- 
taining both hydrocarbon oil and fixed oil, in addition perhaps to soap, 
wate»', etc., is first 'tested qualitatively to find out the nature of the 
inain ingredients, and then a more or less complete quantitative 
analysis is yiade with the object of {iscertaining the composition of the 
mixture. Tlie information thus obtained may be supplemented by 
vjsco.dty and other tests, as in the case of a pure mineral oil. 

A.-UNDESCBIBED OILS. 

The nature of an undescribed lubricating oil, if simple and not a 
.«iixture, is almost always indicated by the smell, taste, or appearance 
. (colour, fluorescence, consistency, etc.). How much can be determined 
in this way in the case of a mixed oil depends upon the experience 
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of the observer. The smell is best observed by pouring a little of the 
oil into tho palm of the hand, rubbing it with the fingers, and 
smelling the warm oil. Sometimes the oil may with Advantage be 
heated in a capsule or small basin. 

The specific gravity of the oil may next be taken, by the bottle 
metluKl (p. 173) if the oil be a thick fluid, or by the Westphal 
balance (p. 175) if it be^\ thin fluid. Reference to the following 
table will then show to wlkph class the oil, if pure of its kind, can 
belong : — 

Specific Gravities at 00“ F. ^ 

Vegetable and animal oils, . . 0*879-0‘968i 

Mineral oils from petroleum and shale, 0‘860-0’9902 

llosinoils, 0-960-1 -01 

Heavy coal-tar oil (grease oil), . . 1 ’065-1 *1 00 

A pure rosin or coal-tar oil will be recognized by the smell and 
high specific gravity of the sample, and it will only remain to apj^ly 
confirmatory tests, such as the acetone test (p. 295) and ’^e 
Lieherinauu-Storch test (p. 293) to identify rosin oil. Tlie v|jy' 
characteristic smell and high specific gravity of coal-tar oil is suftioi^nt 
to identify it without further test. ■ 

The probability is, however, that the K{^‘[)le "I'ill turn out to be 
either a mineral oil, a fixed oil, or a mixture of the two, and to 
distinguish between them in a preliminary way the tests described 
iii Chapter Vll, section 11. (p. 219) may be applied. The further 
investigation will he then found in one of the following sections. 


H.— MINERAL OILS. 

By large consumers, mineral lubricating oils are usually purchased 
to specifications describing the character of oil which has been found by 
practical experience to be the most suitable for the purpose required, 
and the object of the examination is, thcn'fore, to ascertain whether 
the sample possesses the specified characters. Such specifications 
should state whether a natural, reduced, or rv! fined oil is retjuired, , 
what the viscosity, specific gravity, flashing-point, and setting-point 
must be, and the degree of purity ncccssjiry. ^ 

Colour, Appearance, and Odour.— Whether an oil is a natural, 
reduced, or refined oil is ascertained mainly by its appearance, but 
also to some extent by other tests. Natural and reduced oils are^ 
usually • dark in colour and opacpie,*^ brownish or greenish by 
reflected light, and often fluorescent Itefined oils vary in colour 
from pale amber to orange or de^p red, are generally fluorescent, and 

lo Vegetable fats (Japan wax, palm nut oil) have a higlier sp.' gr. (see Table 
XLir., p. 184). 

^ The sp. gv. of minerd lubricatihg oils rarely exceeds 0*947. 



SYSTEMATIC TESTING BY PHYSICAL AND CHEMICAL METHODS. 309 


are either perfectly bright and transparent (spindle oils'aiid some 
engine oils) or merely translucent (charcoal-filtered cylinder oils). 

For the sake of uniformity, the colour and ajjpearance should be 
observed iiiid(;r standard conditions, in a |-inch (Loviboiid) glass 
cell with parallel flat sides, held first between tlie eye and a window 
(appearance by transmitted light), and tlien with the ()l)server’s back 
to the window (appearance by reflected light). Fluorescence may be 
observed by looking down into the cell, n eld below the edge of a 
table or bcaich fronting a window. Red\iood examines pale-coloured 
oils by means of Jjovibond’s tintometer, using a 2-inch cell and 
matching the colour by means of coloured glasses.^ 

Mineral lubricating oils should not have Jiny cmpyreumatic odour. 

Viscosity. — This is the most important property of a mineral oil 
which can be measured in the laboratory. The knowledge of it 
determines whether an oil is suitable for use as a spindle oil, an axle 
oil, a ma( 5 hine or engine oil, or a cylinder oil. The determination is 
usually made at two temperatures, viz. at 60“ or 70“ F. if the oil be 
fluid at those temperatures, and, in the cjise of spindle and machine 
oils, also at 100“ or 140“ F. In order to ascertain the extent to 
which the viscosity is affected by rise of temperature, cylinder oils 
arc conveniently tested at 100“ and 212“ K; there is not much to 
be gained by making tests at higher temperatures, though in 
Redwood’s viscometer a determination can be made at as high a 
temperature as 400“ 1*\ T’he determination should lx? made cither 
by Redwood’s viscometer (p. 144) or by Ooleman’s (p. 147) ; the 
latter is most convenient for temperatures uj) to 212“ 1^\ All results 
should be expressed, if {)ossible, in absolute measure (p. 155) as well 
as in terms of rape or other known oil. The viscosities of a number 
of oils, in dynes per s(j, cm., are given in the table on p. 167. 

Specific G-ravity. — This is determined by one of the methods 
described in Chapter VL, section B (p. 172), and little need be added 
to what has there been said. The bottle method is most suitable for 
the thicker oils, but the Westphal balance may be used for spindle 
oils and the lighter machine oils. The specific gravity is of secondary 
importance in regard to the lubricating value of an oil, but it serves 
to identify the particular oil required, and in some measure to detect 
the presence of rosin and tar oils. Where there is a choice between 
two or more oils from a given source, all having the required 
viscosity, preference should be given to those of lowest specific 
gravity. The specific gravities of mineral lubricating oils are given 
in the table on p. ISfx 

Plashing-point and Volatility. — The flashing^oint, determined by 
the Pensky or Gray testers*(pp. 188, 190), should not be lower than 
300“ F. for outdclor machinery and 340“ F. for mill work. Cylinder 
oils should flash at temperatures w^ll above that of the cylinder in 
■ which they are intended to be used, say at from 450“ F. to 600“ F. 
All cylinder oils should be tested for volatility by the method described 
Fetroleum, vol. ii. p. 696. 
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on p. 191/ and should not lose more than 1 per cent, in one hour at 
the temper^jiure of the steam from the boiler. 

Machine oils may also with advantage be submitted 'to this test, 
and the loss of weight in one hour at, say, 370" V. detonnined. A 
great difference will be fouiul in this respect between oils obtained 
from different crude })etroleums. The results given in the following 
table illustrate this ; the four oils, numbered J to 1, being all 
American mineral engine oVs of the red type. 


Table LXXXIX. — Volatility Tests of Machine Oils. 



1. 

; 2. 

1 

3. 

4. 

Viscosity (absolute), at 60“ F., 

213 

, 2*99 

2‘r)i 

5-48 

Viscosity (absolute) at 100“ F., . 

0-56 

1 0-61 

0-61 

0-97 

Flasliiiig-point (closed test), . 

372“ F. 

' 358“ F. 

356“ F. 

346" F. 

Loss of weight in 1 hour at 370“ F., 

9-1% 

j 45*2 % 

IB’9 % 

26‘7 % 


it will be noticed., that the oils differ very much as regards 
volatility at 370" F., and that the volatility has no relation to the 
viscosity and very little relation to the flash ing-pbints of the oils. 

Machine oils flashing below 300" V. should be tested for volatility 
at 100" F. and 200" F., the test being continued until the oil ceases 
to lose more than 0*5 per cent, in one hour. A good lubricating oil 
should lose little or nothing at these temperatures. A ‘ natural ’ 
mineral oil flashing at 200"-210" F. was found to lose 6 per cent, by 
evaporation at 100" F. and 17 per cent, at 200" F. 

Setting-Point or Cold Test. -—This, in the case of oils (not greases), 
should obviously be as far as possible below the temperature at 
which the oil is to be used. The test is, of cOai’se, most important' in 
the case of oils for outdoor machinery, such as railroad oils. For such 
purposes, summer oil should remain fluid at 32" F.', and winter pjl at 
i5" F., if possible ; but allowance must be made for American oils, which 
will not, as a rule, withstand so low a test. (See table on ^p. 200.) 

. General Purity and Freedom from Adulteration.— lii addition 
to the foregoing, there are certain tests as t6 which circumstances 
mu^t decide whether; they should be made or not ; these are for the 
detection of impurities, unacknowledged additions, or adulterants. . 
The chief of such substances to be looked for in mineral oils are : 

, (a) Soap. '- 7 - Every mineral oil which has a non-homogeneous . 
appearance, or an unnatural viscosity, or which exhibits a tendency! 
to form threads in dropping, should be tested for soap by the methcH^ ' 
described in Chapter VIl^ section W (p. 303). If soap be found, i]6 , 
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nature can bo ascertained by the analysis of the asVi (see p. 304 ; also 
section E, p. 224). By well shaking some of the soap-thickened oil 
with dilute h} drochloric acid in a stoppered bottle heated by immersion 
in hot water, then pouring the contents into a separating funnel, 
drawing off the acid, and well washing the oii with hot water, the 
mineral oil can be obtained in its natural state and its true viscosity 
determined. 

(b) Ash. — Every mineral oil leaves some ash when burnt, but the 
quantity is usually minute (see p. 304;. In an oil the origin of 
which is unknowji, the amount of ash should always be determined. 
An abnormally liigh ash indicates either the presence of soap or im- 
perfect refining. 

(c) Fixed Oil or Fat. — An oil sold as a pure mineral oil and at a 
low price is not likely to contain a fixed oil ; but special brands of 
mineral oil, especially cylinder oil, not nnfrecpiently do contain an 
unacknowledged small quantity of animal or vegetable oil to which 
some good or bad cpiality, revealed in practice, may be due. There- 
fore, in testing an unknown oil alleged to be purely mineral, it is 
always desirable, sometimes most necessary, to prov^ the absence of 
fat by careful chemical analysis. For this purpose Ruhemann’s tost 
may bo used (p. 219), but the qiiantitative method described on 
p. 235 is the only absolutely certain tost. 

(d) A vidif ij. — Any refined mineral oil containing more than 0*2 per 
cent, of total acidity, calculated as oleic acid, should be tested for 
free mineral acid (usually sulphuric). The method is described on 
p. 217. It is seldom necessary to test natural and reduced oils. 
Abnormally high acidity may, of com*sc, bo due to the presence of 
rosin acids contained in rosin oil added as an adulterant ; therefore, 
time might be saved by testing for rosin oil before testing for. mineral 
acid. Rosin acids can, if desired, be isolated by the method described 
on p. 238, 

(e) Rosin Oil. — The methods of detecting and determining the pro- 
portion of this adulterant are described at pp. 293-295. 

(/) Gumming Proiiertg. — This is scarcely a property of pure 
mineral oils, as such oils do not gum like the fixed oils. The 
remarks under this head on pp. 272-278 should be read, where the 
cause i which may*lead to the formation of deposits by mineral oils 
are discussed. If there be any reason for investigating the tendency 
to form a jgummy or sticky residue which a pure mineral oil may 
appear to exhibit in practice, the * film test ' described on p. 266 may 
iie used. In some cases it may be desirable to make such a test 
upon a surface of steel or other metal, or upon a 4 )ainted surface. ^ 

- (g) Asphalt and^ Tar.— Lfttlc need be added to what has been said 
,in,iChapter VII., section U (p. 300), except that the special tests for 
I these bodies are seldom necessary in the case of Russian and 
American oils, and need only be maae if the practical results indicate 
their presence in an objectionable degree. 

(k) Caoutchouc , — ^According to the authors’ experience, this is a 
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rare adii/ixture. If, however, stickiness or unnatural viscosity of 
a mineral /^il be found, notwithstanding the absence of soap, then 
caoutchouc should be searched for. Sec j). 302. 

(/') Mechanical ImjmrifieK . — (Irit and dirt in a mineral oil would 
be detected by straining the oil through fine wire gauze or muslin. 
Water is detected by the tests described in section Z (p. 305). 


C.-FIxilD OILS AND FATS. 

The most important and useful physical and chenneal data for the 
recognition of the lubricating oils belonging to this class are included 
in the table on pp. 311-315, and in the following pages hints for 
the examination of each oil arc given. 

The first test to make in exiimining any fixed oil intended for 
lubrication is the determination of acidity, This is cs})ecially im- 
portant in the case of olive oil, tallow, palm oil, and coconut oil. 
The two last, as commercially met with, are usually quite unfit for 
lubrication. The more delicate and intricate the machinery, the 
greater the need for selecting the le^ust acid oil, and the smaller the 
maximum amount of acidity permissible ; for no machinery should 
oil be used containing more than i ])er cent, of free (ol^p) acid. The 
reason for this statement and the mctluKls ^ determinifig acidity will 
be found in Chapter VJI., section A (p. 210). 

Wool or cloth oils are not here alluded to. They often contain 
very large amounts of free fatty acids ; indeed, commercial oleic acid 
is used as a wool oil under the name of ‘oleine’; such oils arc quite* 
unsuitable for the lubrication of machinery. 

Eape Oil. 

Refined rape oil for lubrication and burning should be clear, and 
pale yellow in colour. 

The total acidity, calculated as oleic acid, should not exceed 3 per 
cent. Of 378 samples of commercial refilled rape oil cxamiiled 
since 1901, 91 per cent, satisfied this condition (see p. 211). JjOW 
acidity is of great importance if the oil be required for burning in 
lamps, since free fatty acids, as well as free mineral acid, have a 
charring action upon the wick. ^ 

. In rape oil refined by sulphuric acid, traces^ of free sulphuric acid 
exist, as is proved by the following experiments. 

]00 c.c. of rape oil and 100 c.c. of distilled water were placed ip 
a large beaker on a steam-bath, and steam was l^lown through the 
mixture vigorously for half an hour. The oil and water were then 
^^red into a separating funnel, the water was drawn off through a 
^'"^cr-paper, and the oil was washed with a little more water. 
.;^>t^ating the aqueous liquid to rather less than 50 c.c., it 
and khe titrate was titrated with deoinormal 
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soda, using methyl orange as indicator. The folio -viiig results were 
obtained : - 

Oil i^Hned at Sulphuric Acid (H2SO4) 

per cent. 

Stettin, 0-0050 

Hull, 1st .sample, 0*0050 

Hull, ‘2nd sample, 0*0020 

The neutralized liquids were boiled down to 2-3 c.c. and tested 
with barium chloride, and in each case a precipitate of barium 
sulphate was oJ)tained, which was estimated by the eye to about 
correspond with the result obtained by titration. These samples 
being commercial oils of good ([uality, not selected, it may be assumed 
that the percentage of /rep minmtf acid in refined rape oil should 
not exceed 0*000 per cent, of H^SO^, which is equivalent to 0*035 
per cent, of oleic acid. 

The specific gravity of genuine refined rape oil suitable for lubrica- 
tion usually lies between 0*914 and 0*9155 at 00" K. ; it should not ex- 
ceed 0*9100, and if above 0*9165 cither ravison or other oil of more 
strongly drying character than rape is probably piesent. A lower 
sp. gr. than 0*914 would be suspicious, for, although perfectly genuine 
rape oil may be as low as 0*9132 in sp. gr., such oil is seldom met 
with in this country. An abnormally low sp. gr. might be due to 
adulteration with light mineral oil. 

The viscosity of i*apc oil is (*xception*ally high, and is a very 
vahiable indication of its purity. All fi.xed oils, except castor oil, 
likely to be added as adulterants would lowei* the viscosity, and 
♦ although this could be counteracted by adding castor oil or blown oil, 
th(j presence of these oils would be indicated by other abnormal 
characters, castor oil niising the acetyl value and lx)th oils raising 
the specific gravity, Hosin oil or heavy mineral oil, if present, would 
be detected in the unsaponifiable matter. 

The saponification value of genuine ra])e oil ranges from 17*00 
to 17*50 })er cent. A value in excess of 17*50 would indicate the 
presence of ravison or other more strongly drying oil. On the other 
hand, a value lower tfian 17*0 would iialicate the presence of an 
unsaponifiable oil^ or, possibly, of sperm or Arctic sperm oil. The 
tes1f»must, of course, be made with every precaution to ensure 
accuracy, otherwise the limits cannot be so strictly defined. 

The Maiimen6 value, or rise of temperature on mixing 50 grms. 
of the oil with 10 c^. of sulphuric acid (containing 97 per cent. 
^gSO^), ranges from about 58" C, to 64" C . ; the result depends to 
some extent upon the ‘ personal equation ' of tlfe operator, whicti is 
not sefious if thejinstructions given on p. 262 are strictly adhered to. 
A. high result indicates the presence of ravison or other drying or 
semi-drying oil, and a low result indicates mineral or sperm oil. 

The unsaponifiable matter, determined by the method on p. 225, 
should not exceed 2 per cent, in genuine commercial rape oil. In 
the expressed oil it is usually below 1 per cent., but in the oil extracted 
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Table XC.— Vegetable and Animal 


.r\. 



Itefer- 

BDOetO 

com- 

plete 

IWCB 

Physioiil and I'liciiiloal (yoiis'junts. 

Rape Oil. t 
(Colza Oil.) ; 

Olive Oil. 

Castor Oil. 

Palm Oil. ■ 


page 


1 






- - - — 






184 

Spedtic gravity at 00' F., . . \\ 

O-OU-O'OIO 

0-914-0917 

0-959-0-968 

0-921-0-926 


^ 167 

Viscosity (dynes per sq. cm.), 

109-1 16 at 

60’ F. 

100 at GO’ F. 

2-73 at 100’ F. 
r 



199 

Solidifying-point, “ F 

11-28 

21-39 

-0 4 to +14 



204 

Meltiiig-iwint, ‘F 




80-97 

when free from 
excess of acid 


207 

Oleo-relractouieter value at 22" C., 

+15’ to 1-20’ 

0 to +3-6’ 

-1 37 to +46" 



222 

Sapoiiitlcation value, /, 

17-0-17 6 

18 5-19-6 

17-6-18-7 

95 3-95^^' 

19-6-20-6 


239 

Kellner value, 

05-0-95-1 

94-96 

94-2-97 


242 

Beichert value ; c.c. per 2’6 grms., 

0-0-(»-8 

0-3 

1-4 

0-6-0-8 


242 . 

Reichert-Meissl value ; c.c. per 5 grms , 

0-0-0-3 

' 0-45-r6 

1-1-4-0 

0 7-1-9 


250 

True acetyl value (Lewkowitscli), . 

1-47 

1-06 

14-67-15-05 

1-60 . 


265 

locliiie value, 

94-1-105-6 

76-2 91-7 
(usually 82 -S7) 

81 •4-90-6 

.53 57-4 


26:t 

Muumene thermal value ; 50 grms. oil, 

58-64 

40-45 ' 

56 '66 




10 c.c. of 97 sulphuric acid, 'C., 






238 

Unsaiionittahlc matter, . 

0-0- 1-5 

0-8 1-5 

0- 3-0-8 

1-25 










Mixed Fatty Acidt. 


t 

1 




Specific gravity ^ 

0-876-0-876 

0-874-0-876 


0-870 


206 

Solidifyhig-poiut or titre-test, ^ C. , 

12-218-6 

17--;--26-4 


36-9-46-6 

}k 


205 

Melting-point, “ C 

16-21 

1 

1 19 28-5 

13 

' 41-50 . t’ . 

.>1l 

i66 

Iodine value, %, 

90-6-105-6 

86-90-2 

j 86-5-88-5 

t 

58’6 ^ 



Mixed Aleohvli. ^ 


* 

1 

1 

i 

1 




• • • 

f Specific Gravity at . . • 


1 

ri 

V 



Melting-point, “ 

C " 






lodlrte value, %, 







^ Saponiflcattonvalucof Mixed 

1 • 


- -- — 
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Oils used for Lubrication. 



Hazel-nut 

Oil. 


0-916-0917 

-4to +U’ 

187 - 19‘7 

95-6 

0*99 

83-00 


17-28 

90’l-90’? 


18-02 
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from thc^sccd })y i)otro]eum spirit 1 per cent, must be allowed for 
residual hy^"ocarbons. If a larger propoi’tioii than 2 per (;ent. be 
obtained, it should be purified by resaponification a'^ directed on 
p. 234, and if still materially in excess of 2 ])er cent., the ])roduct 
should be examined as directed in dhapter VII., section V (p. 228), 
to ascertain whether hydrocarbons (mineral oi' rosin oil), cholesterol 
(from animal oils), or wax alcohols (from sperm or bottlenose oils) 
are ])resent. In genuine rape oil the unsaponifiable matter consists 
very largely of phytosterolj which may be obtained in characteristic 
tufts of needle-shaped crysbils by dissolving the uns{j,ponifia.ble matter 
in 2 3 c.c. of warm 90 per cent, alcohol and cooling the solution. 

liiipe oil should always be subjected to the oxidation test de- 
scribed on p. 265 (watch-glass test), a standard sample of known, 
purity being tested at the same time and under th^ same conditions. 

Halphen’s colour reaction for cottonseed oil (j). 288) and the 
furfurol test for sesame 6il (p. 291) should not be omitted ; both arc 
very delicate, and tlic result must })C interpreted in accordance with 
the (juantitativc values. These reactions may be relied upon to give 
negative results with genuine rape oil. If a red colour be obtained 
by Halphen’s test, the presence of cottonseed oil may be confirmed 
by the Milliau test (p. 289), using the fatty acids, which can easily 
be obtained from the soap solution left after isolating the unsaponifi- 
able matter. Some genuine rape oils ha#" a slight, slow reducing 
action on the silver solution ; but an immediate, decided reduction 
proves the presence of cottonseed oil, and the amount of reduction 
is usually in proportion to the percentage of cottonseed oil present. 

The above named tests suifice for the detection of the usual 
adulterants, viz. '.—ravison^ cottonseed^ 7naize^ linseed and the dryiwj 
oils, Jish oils, mineral oil, and Arctic sperm oil. The latter, thcnigh 
usually niore expensive than rape oil, is sometimes added in order to 
adjust the specific gravity and saponification values which have been 
raised by {ululteration with oil such as cottonseed. 

As a supplementary test, the iodine value is useful for confirming 
the presence of ravison oil, maize oil, the drying oils, and some fish 
oils, which liave higher iodine values than genuine rape oil. It is of 
no use foi’ the detection of cottonseed oil. These oils (except cotton- 
seed) lower the solidifying and melting-points of ulie mixed fatty ...cids. 
Thus, the fatty acids of goimiue rape oil solidify at 10’5” to 18*5" C., 
but th(5 acids from ravison oil do not solidify at 0" C. 

Olive Oil. 

Pure neutral olive oil is one of the bes*! lubricaiits we possess, but 
unfortunately a great deal of it is spoiled previous to extraction, by 
allowing the pulp to ferment aiaj the oil to become decomposed (see 
pp. 113 a-nd 211); also by storing the oil in a crude state. Olive oil 
intended for lubrication must therefore bo carefully examined foi: 
acidity (p. 216). 4 per cqjit. of free oleic acid shotild be the maximum 



SYSTEMATIC TESTING BY PHYSICAL AND CHEMICAL METHODS. 317 


allowed by largo consiniiers ; small (juaiititics of oil ijitendeb for the 
lubrication of delicate machinery should be purified froi^,^/;very trace 
of acid by rofming with soda (see p. 218). 

Olive oil should be clear, and pure yellow or greenish-yellow in 
colour. Some genuine olive oils arc green or brownish-green, the 
(jolour being due to chlorophyll, which may be identified by means of 
its characteristic absorption bands if the oil be submitted to spectro- 
• scopic examination. But there are some adulterated oils which are 
artificially coloured green by copper ; this^nay be detected by diluting 
some of the oil ^ith ether and shaking with dilute sulphuric acid, 
which will remove tire green colour. On drawing off the acid liquid 
and adding (‘xcess of ammonia, the deep blue colour characteristic of 
cuprammonium will be obtained. 

Olive oil, being one of the most expensive lubricating oils, is very 
liable to adulteration. The most valuable instrument for the rapid 
detection of adulteration is the oleo-refractometer (see p. 208). As 
will be seen by reference to the table on p. 207, the recorded deviation 
caused by genuine olive oil ranges from 0’ to +3*5". 106 samples 

examined by Oliveri^ ranged from 0“ to only 1‘2‘‘. All fixed oils 
likely to be added as adulterants would increase the refraction, except 
lard, neatsfoot, and tallow oils. Arachis oil, which has a deviation 
of only -f- 3*5“ to + 7 0°, would not be detected, unless present in large 
proportion, but would be found by Renard’s test (p. 283). 

The specific gravity of fairly neutral olive oil at 60“ F. usually 
ranges from 0*915 (rarely 0*914)* to 0*917, but may, it is said, rise to 
0*919 in the case of dark -coloured samples containing the oil from the 
♦kernel and endocarp.- Such oils should not be used for lubricating 
without a very careful examination as to their tendency to oxidize and 
gum, 0*5 grm. of the oil being exposed to the air at 212“ F, on a watch- 
glass for sixteen hours side by side with the same weight of a sample 
of known good quality. All olive oils over 0*917 in specific gravity 
should be subje(4ed to this test and to a very complete examination 
for adulterants, su(;h as cottonseed, sesame, curcas, and poppyseed 
oils. Adulteration with rape or earthnut oil would not be indicated 
by the specific gravity. 

The {Wijs) iod|ne value of genuine olive oil usually ranges from 
82*^0 87*0 ; averaging about 84*5. Some oils are met with having 
a lower value, even as low as 7.6*2, This was the (Hubl) iodine value 
of an olive, oil examined by one of the authors, which wa^ found to 
possess a quite normaj^ specific gravity (0*9157 at 60“ F,), "saponifica- 
tion value (19*03 per cent.), and viscosity; the unsaponifiable matter 
amounted to only 0*88 per cent., arachis oil vvas absent, and ,the 
colour reactions fqr cottonseed and sesame oils were quite negative. 
The acidity was 3*5 per cent. The low iodine value appeared to be 

* Jour. Soc. Chem. Ind., xiii, (1894), pt'45, 

^ Genuine Tunisian olive oil, it i« said, may have a specific gravity of 0*919 at 
15” C. and an iodine value as high as 89*4. See Chemical Trade Journal, vol, 
xxviii. (1901), pp. 388, 504, and 524. 
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fine to ai\ excess of [jalinitin, the oil being iinnsnally sensitive to cold 
and dej)()si^i''-g a large proportion of solid fat at a temperature of 46'* 
to 47" F. A few olive oils of this kind have been in^t with, all of 
which had an iodine value below 80*0 per cent.^ Thomson and 
Dunlop in a recent paper record IFyV values of 82 ’2 to 89 ’1, obtained 
with olive oils prepared by themselves from the fruit and, therefore, 
undoubtedly genuine.- Higher numbers still have been recorded for 
Dalmatian and Tunisian oils.^ It is said that, in California, olive oil 
is adulterated extensively fith mustard oil from the white mustard 
{Jh'ifssira (sinapiti) A/ba) which grows there in great profusion.^ 
This oil would raise tlie iodine value, and would at the same time 
lower the saponification value. Mustard oil contains arachidic acid, 
whicli would be a further means of detection. 

The saponification value of genuine olive oil, according to De 
Negri and Fabris, who examined 203 samples, may range from 18‘5 
to 19‘6 pen* cent., and is usually 19*0. Of 400 samples of commercial 
(dive oil (‘xamiued by one of the authors, the values ranged from 
18*80 to 19*29 per cent. A low saponification value might be due 
to the })r(‘senc(‘ of olive-kernel oil (which can s(;arcely be regarded as 
an adulterant), or to adulteration with rape, mustard, sperm, or 
mineral oil. No adulterant likely to 1)c adfled would materially 
raise the sa])onification value of olive oil. 

The Maumen6 value of genuine olive oil^^eterinined as directed 
on p. 262, is lower than that of any other vegetable oil, ranging, 
according to our experience, from 40" to 45" C. ; this tost is, therefore, 
of great value for the dete(;tion of adulteration. 

The unsaponifiable matter in genuine olive oil does not exceedr 
1*5 per cent. ; a higher result than this would probably be due to the 
presence of hydrocarbon (mineral or rosin) oil, or of wax alcohols 
from Arctic sperm oil. 

With reference Lo specific adulterants, the following remarks may be 
made 

(jottonseed oily unless it has been heated, would he detected with certainty 
by Hal])hen’s test (}). 288) or by the Milliau teT.t (p. 289), both of which 
give negative results with pure olive oil and are sufficiently delicate to 
detect as little as 2 per cent, of cottonseed oil, if present. Olive oil adulter- 
ated with cottonseeJ oil would, of course, contain more than this perce^ftage, 
and the }>resence of the foreign oil would be confirmed by the increased 
refractive power, iodine value, and Maunien6 value of the sample, also by the 
result of'ihe oxiclation test ; without this confirmation of the c()lour reactions, 
the presence of cottonseed oil as an adulterant coufd not be certified. 

Hesam. oil would ^be detected, with certainty, by the very delicate 
Bafidouin reaction (p.^ 291). Some genuine i)live oils give a pale rose-red 
coloration* hut it is unlikely for error to occur if the saiuple he submitted to 
confirmatory quantitative tests. Sesam^ oil, if present as an adulterant in 

* f 

^ Lani oil was not looked for in these samples. 

^ Aimlystj 1906, p. 281. 

Lewkowitscli, Amlysia of Oils, etc., p. 627. See also note 2 on j). 317. 

* Biannt,- Treatise o% ViU^yoX. 1. p. 487, 
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olive oil, would raise the. refractive power, iodine value, aitd M|iui-ien6 value 
of the oil, and would increase its drying and gumming prope’l^y. 

Earthnut {^rachu) oil can only he detected in olive oh i y Renard’s 
process, although the presence of the oil might possibly be indio.ated by an 
abnormally high icxline value. Earthnut oil of the. best quality is a non- 
drying oil, and if a sample of olive od containing this oil be found to possess 
no undue tendency to oxidize, there is only the substitution of a cheap 
oil for one of grejiter value to be objected to. Some earthnut oils are not 
‘non-drying,’ and olive oil containing 8U<h is spoiled for lubrication. It 
must not be forgotten that rape, mustard, And perhaps other oils from 
cruciferous plants contain arachidic acid. These oils would betray their 
presence by lower^ig the saponification value, ami by raising the iodine and 
Maumene values, of olive oil. 

Cmtor oil would raise, the specific gravity, viscosity, and acetyl value of 
the sample, besides increasing the solubility tif the oil in alcohol. 

(hircas oil would raise the sjiecific gravity and the Maumene and iodine 
values, and would increase the tendency to oxidize. 

Arctic, sperm oil, also mineral and rosin oiU, would betray their presence 
by increasing tlie iiercentage of unsajionifiable matter, and could be identi- 
fied with certainty and the amount (letefinined by examining the latter. 

Jjard and lalloio oils would be tin; most difficult to detect. They would 
probably raise the freezing-point ; but, being non-drying oils and good lubri- 
cAUts, their presence would not necessarily be objectionable, excejit for the 
fraud. ^I’lie best method of detecting the. presence of either of these oils in 
olive oil would be to isolate the stearin, which is absent from ])ure olive 
oil (Hehner and Mitchell, Amdyst, xxi. (1896), ]►. 31C), (u- to apply the 
phytosterol acetate test (see p. 232). The phytosterol isolated from pure 
oUvt oil melts at 1 35^-1 3G'5“C.; its acetate melts at 120-3‘’-120'7' C. (dill 
and Tufts). 

Castor Oil 

• 

Castor oil for lubricating should be clear, pale in colour, and as 
free as possible from acidity. 

For the detection of adulterants, advantage may be taken of the 
easy solubility of genuine castor oil in alcohol. Absolute alcohol 
dissolves castor oil in every proportion ; 90 per cent, alcohol (sp. gr. 
0’834) dissolves less, 1 volume of castor oil requiring from 2 ’4 to 2*94 
volumes of 90 per cent, alcohol at 20" C. according to experiments 
by Itallie.^ A sample of genuine castor oil tested by Archbutt was 
perfectly soluble in 2 volumes of 90 per cent, alcohol at 15" C. 
Twetity-three samples of liidian castor oil, examined by Docring and 
Rcdwo<xl, were completely soluble hi 3 volumes of alcohol of sp. gr. 
0*830 at 60" F. (15*5" C.). It appears, therefore, that ca^r oil, if 
genuine, should dissolve completely in 3 volumes of 90 per cent, 
alcohol at 20" 0. It is usual, however, to employ 5 volumes of alcohol, 
as recommended in the British Pharmacopma (4898), and we have 
; found by experiment, with? the sample of easily soluble castor oil 
: referred* to above, that when only 5 per cent, of either rape, blown 
rape, cottonseed, poppy, maize, or^curcas oils were mixed with it, 

, 5 volumes of 90 per cent, alcohol gave a strongly turbid mixture 
at 15" C., which deposited a small quantity of oil on standing. The 
' Lewkowitsch, Analysis of Oils, ek,, p. 421. 
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following originally recommended by Finkoner’ (who used a 
slightly st^;^igei' alcohol), may therefore be employed with confidence 
as a rapid method of assay : — Measure exactly 10 c.c. oJ castor oil in 
a graduated, stop[)ercd test cylinder, add 50 c.c. of alcohol (sp. gr. 
0*834 ) and well mix. If genuine, a clear and bright solution will be 
obtained iit 1 5“ (). If as little as 5 per cent, of foreign oil be present, 
the li(piid will remain strongly turbid even on warming to 20" C. 

The specific gravity of castor oil should lie between 0*959 and 
0*968, and is usually abort 0*963-0*964. Adulteration with any 
other natural fixed oil or mixture of oils would lower the sj). gr., 
and although this might be adjusted by thoiadi^ition of rosin oil 
(sj). gr. 0*96-1*01), the presence of the latter would be easily detected 
by determining the amount and examining the properties of the 
iinsaponifiabh* matter, which, in genuine castor oil, do{?s not exceed 
1 *0 per cent, lllown rape or blown cottonseed oil might be added 
without altering the density, and without causing any api)rcciable 
increase of the unsaponifiable matter. 

Tlje viscosity of castor oil greatly exceeds that of any other 
natural fixed oil, but it is exceeded by that of blown oil. Twenty- 
three samples of Indian castor oil, tested by Dcering and Redwood 
in the Redwood viscometer, required from 1160 to 1190 seconds for 
the outflow of 50 c.c. at 100" F. 

The acetyl value of castor oil (14*6 to 1^ per cent.) exceeds that 
of any other known oi[ except grape seed oil (pp. 248, 250), and is one 
of the most valuable indications of its purity. Although blown oils 
also have a high acetyl value, they do not nearly approach (jastor oil 
in this respect (see p. 248), and the detection of 10 per cent, qf 
blown oil in (tastor oil is possible. Grape seed oil, if present in 
castor oil, would lower the spe(;ific gravity. 

The Hehner value (95*3 to 95*5 per cent.) would be lowered by 
adulteration with blown oil, as would also the iodine value (81 *4 to 90*6 
per cent) ; on th(' other hand, the Reichert-Meissl value (1*1 to 4*0), 
the MaumenB thermal value (56" to 66"), and the saponification 
value (17*6 to 18*7 per cent), would be raised. 

Among other jwssible adulterants mentidfied by Allen, poppyseed 
oil would lower the specific gravity, acetyl value, and viscosity, and 
would raise the iodine value; lard oil would Mower the fij?ecific 
gravity, viscosity, acetyl and iodine \;alues ; cocAmut oil would lower 
the sptjcific gravity and the Hehner and iodine values, and would 
raise the saponification value ; and seal oil would lower the specific 
gravity, acetyl value, and viscosity, and would raise the iodine value. 
Cottonseed and semne oils would be detected by the characteristic 
colour t§sts for these oils. 

Palm Oil. 

Palm oil is not, as a rule, atlulterated with other fats, the chief 
impurities , being free palmitic acid,'^ dirt, and water. For grease- 
’ Jour, Soc. Ckei^. Ind., vi. (1887), p. 148. 
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makinj^, low acidity is of chief importtince, as the dirt is 'strained off 
and the water settles out in melting. The acidity is dotei , ed by the 
method descrilied on p. 216, and sliould be neutr.ilizcd by adding 
the necessary additional amount of soda in making the grease. The 
proportion of dirt and water can he determined, roughly, by melting 
the sample in a 100 c.c. cylinder standing in a beaker of hot water, 
and reading off the voliimo of sediment wliicli is deposited. Anything 
under 2 per cent, may be neglected. If over 2 per cent., an allowance 
is usually made by the seller. In that case, a more accurate deter- 
mination may be ^lade by dissolving a weighed quantity of the well- 
mixed sample in ether, filtering, washing, evaporating the ether, 
dryi^ the fat and weighing it; the difference between the weight of 
itf^rtat and the weight of the sample taken is water and dirt. 

Palmnut and Coconut Oils. 

The high saponification and Reichert values, and the low iodine 
■values, of chest' two oils are c.haracteristic, and afford ’ (‘ady means of 
distinguishing them from other oils and fats. 

Coconut oil is said not to be adulterated. If retjuired for lubrica- 
tion, the most important test woidd be the determination of acidity. 

Tallow. 

Tallow intended for lubrication, when melted in a test-tube, should 
bw clear, and free fi’om more than traces of suspended matter. Water, 
if prcsi'nt, can bo detc'i'mined as directed on p. 300. Suspended im- 
purities (membrane, etc.) can be determined by dissolving a fair 
sample (10 to 20 grms.) of the tallow in other or petroleum spirit, 
filtering through a weighed filler paper, washing out all fat with the 
hot solvent, and I'e-wcighing the paper and contents. The latter, if 
sufficient in amount, may then bo examined for possible adulterants 
such as starch, lime-soap-,' etc. In genuine tallow, the percentage of 
insoluble matter rarely exceeds 0’2, and of water 1 to 1*5. {Alleii.) 

The acidity shouM, of course, be as low as possible, and should not 
in any case exceed 4 per cent, of oleic acid. This would exclude such 
adulterants as distilled grease stearin and rosin. 

The saponification value may range from 19*0 to 19*8 -pci ^eiit., 
and averages about 19*44. Paraffin wax (saponification value, nil) 
Would lower the value ; palmnut and coconut oils (sap. value 24*6 to 
Sfi*8) would raise it ; bone-fal* cottonseed stearin, and cottonseed oil 
are witliout effect upon this constant. 

The (HtiU) iodine value of genuine tallow has been found to range 
fimni 34*8 [Thoerner, 32*7) to 47*5, according to published figures. 
'We- have met with apparently genuine tallow absorbing as much as 
49’3 per cent, of iodine ; possibly, but improbably, bone-fat or 'horse- 
iat might have been present, but not cottonseed stearin or oil. .J'he 
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averafye ioL^ne value is about 40, according to Alder Wright, 43 
accord ingl^U Archbutt; Howland Williams puts it at 40 to 41, 
Lewkowitscli at 3G to 40. The range is about the same both for 
beef and mutton tallow, but the average is probably lower for the 
latter. Any tallow having an iodine value above 47*0 would bo 
suspicious, and might (contain cottonseed stearin (88*5 to 104), cotton- 
seed oil (100*9 to 1 16*9), horse fat (71*4 to 86*3), or bone fat (46*3 to 
55*8). On the other hand, an abnormally low value, say below 38, 
might be due to the presen'ee of paraffin wax (4*0), palmnut oil (10 to 
17*5), or coconut oil (8*3 to 10*0). It is obvious .that a mixture of 
the above fats and oils in suitable proportions might be made which 
would have the same iodine value as genuine tallow. 

Cottfmseed stearin and cottonseed oil, which are the most frequent 
adulterants of tallow, can, if present, he detected by the Halphen and 
Milliau colour reactions (unless they have been previously treated so as not 
to give these reactions). Pure fresh tallow gives entirely negative results. 
(Note, however, Bevan’s and others’ observations with lard, p. 289.) The 
nitric acid colour test (]». 290) would still be available, but the results must 
be interpreted with caution. Allen states that tallow which has not been 
washed and purified, and which, therefore, contains particles of blood, acquires 
a light broAvn colour when agitated in a incited state with nitric acid of 
1 *38 sp. gr. 

To prove the jiresence of cottonseed oil or stearin, L. Mayer recommends an 
examination of the ‘oleine’ obtained by allmSmig the melted tallow to 
crystallize for eighteen hours at 35° C. and then squeezing the liquid portion 
through filter cloth. The iodine value of this should not exceed 66 if the 
tallow be genuine, but in presence of cottonseed oil or cottonseed stearin a 
much higher result will be obtained. The solid if ying-point (litre test) of 
the fatty acids should also be determined; in the presence of the aboie- 
named adulterants it will be lower than 39° C. The phytosterol acetate test 
should also be applied (see p. 232). 

Bone-fat leaves a variable but considerable proportion of r sh on ignition. 

In 6 samples examined by Valenta the amount of ash ranged from 0*11 to 
2*01 per cent. ; average 1*32. This ash contains much calcium carbonate 
and oxide. As pure tallow and most, if not all, other vegetable and animal 
fall leave a 8(;arcely weighable trace of ash, the detection of bone-fat should 
not be difficult. Commercial bone-fat, according to Valenta’s analyses, 
always contains a large percentage of free fatty acids ('’4*8 to 26*6) ; adultera- 
tion with any quantity of such bone-fat would be «j;x cl tided by the 4 per 
cent, limit for acidity. Neutral bone-fat has the characters oba good 
lubricant. Bone oil (bone-fat oleine) is said to be used for lubricating 
clocks and watches. 

would probably communicate a yellow colour to tallow, would 
tend to make it soft, and would lower the melting-point of the fatty acids. 
This fat (as well as the above-mentioned) would lower the specific gravity . 
of tallow at 60° F., Vhich, however, is very rarely determinea. 

Paraffin ivax, which is sometimes added to soft tallpw, and usually reveals' ' 
its presence by reducing the saponification value, can be determined by - 
determining the unsaponifiable matter, which, in genuine tallow, does not ' 
.exceed 0*4 to 0*6 per cent. Thd same process would enable rosin oil, if v 
present, to be detected, and ^tlso wool fail 

> Palh'nat and coconut oils, besides raising the' saponification value (which ; ’ 
jio other likely adulterant wdUld do), would increase the lleichert value * 
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and reduce the Heliner value. Tlie commercial oils, which ar. aisually very 
acid, would be excluded by the atudity test. + •, 

Valuation />i Tallow.— By the soap and candle maker Utllow la valued by 
bhe results of Dalicaii’s titre-test (see p. 204), The ‘titre’ (^.c. the 
solidify! ng-poiiit of the mixed fatty acids) of talloiv intended for candle 
making should not be below 44" C. ; tallow of lower titre is used for soap- 
making (Lfiwkomtsch). The titre of tallow used for making railway axle 
grease is not of great importance, so long as it does not fall below 41° 0. 


Tallow Oil. 

• 

Few analytical data have been pnblislicd for this oil. Allen gives 
bhe specific; gravity at 00“ F. as 0*016, and the solidifying-point as 
[ru>'" + C. (112" to 43“ F.). dill and Rowe state the sp. gr. at 100” 
D. to be 0*794. The oil should contain very little free fatty acid, 
ind, if geniiino, sliould have an iodine value of, prol)ably, 55 to 00. 

‘ Ox nil ’ should be tallow oil expressed from beef tallow. ^ A 7 iimal 
nV might contain the fat of other animals. Two samples of animal 
)il examined by one of tlie authors had a sp. gr. of 0*9187 at 00“ F., 
iodine values of 59*7 and 60*4, and saponification values of 19*35 and 
19*96 per cent. On c(X)ling to 50“ F., no crystals formed in three 
Hours ; but on lowering the tempcniturc to 46“ F., crystallization 
jommonced, and slowly continued until the oil ceased to flow on 
.nclining the tube. The low percentage of acidity (0*25 per cent.) 
uid the high viscosity (nearly eijual to that of rape oil) of the 
iamples were noteworthy features. 

Lard Oil. 

The specific gravity of genuine American lard oil at 60“ F. ranges 
Tom 0*913 to 0*919, according to Schweitzer and Lungwitz.^ Ten 
samples examined by Archbutt ranged from 0*9162 to 0*9181 ; of 
diese, two described as American lard oil had the highest sp. gr. 
0'9180 and 0*9181), the remainder (probably of home manufacture) 
lid not exceed 0*9170. Allen stotes that the sp. gr. should not 
sxcccd 0*9 160. Adulterants such as cottonseed and maize oils would 
'aise t^'e specific gravity. 

The Maumen6 thermal value (determined as described on p. 260) 
vf the ten samples tested by Archbutt ranged from 41“ to 46”. practi 
»lly the same as in the case of olive oil. This is, therefore,' a Very 
raluable test, since most oils likely to be added m adulterants, except 
rJnfsral oil, would increase the temperature reaction. 

The iodine value of genuine lard oil varies considerably, owing 
o the variable proportion of olein. The interpretation to be placed 
»jK)v the result of this test must, themfore, depend upon the congeal- 
ag-point of the oil. Schweitzer and Lungwitz, who have investigated 
his relation, determine thp congcaling-point as follows The, oil is 

\ ^ Jour, Soc.jOhem, Ind.^ xiv. (1896), p. 129. 
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poiiri'd wifh'-iuouthod bottle, immersed in a frooziiin'-mixtnre of 

iee and siut, and stirn^d vi^i;oronsly witii a thermometer the tempera- 
ture is noted at wliieli the oil shows the first sijiin of heeomin|L( elondy. 
Any lard oil witli hip,her iodine value than 70 slionld not show signs 
of cloudiness ahove 10' K. The lard oils having iodine values of from 
(»0 to 01 ari' generally pasty a.t ^10” F. 

Tlie saponification value of genuine lard oil is about 19’1 to 19’G. 
Adult (-ration with rosin oil, mineral oil, or rape oil would lower tlie 
value. 

Ivosin oil or mineral oil, if present, would lie (l|;tected and deter- 
miiK'd by isolating tin- uiisaponifiable matter, which in genuine lard 
oil is less than 1 per cent. 

Cottonseed oil would probably lie di-t ceded by llalplu-n’s or Milliau’s 
colour tests ; sc-sann- od by tin- furfurol test. Vegetable oils, as a 
class, woidd be detected by the phytost(Tol acetate test (}), ’202 ). 

Genuine lard oil contains no urachidic or lignoceric acids ; therefore, 
if these acids be found by Eenard’s process (p. 28;5), either oarthnut 
oil, ra])e oil, or mustard seed oil must be present. 


Neatsfoot Oil. 

roinmcrcial neatsfoot oil may incliuh- oif from the feet of sheep, 
pigs, horsi's and other animals, and is liable to exte-nsive adulteration 
with vegetable oils, fish oils, mineral oils, and, doubtless, rosin oil. 
When })i’o])erly j)repared from fresh feet, this oil contains less than 
0-5 per cent, of free fatty acid ; but the eommercial oil, owing either 
to adidteration or to carelessness in manufacture, sonx-times contains 
a very large percc-ntage of acidity. According to K. Crant Hooper,^ 
as much as .‘Jl pf-r edit, of free olei(; aend has been fou-id. 

There is not suflicient data for defining the natural limits of varia- 
tion of this oil ; the numb(‘i's in the table o)i p. 315, ])ased upon 
results obtiiined chiefly by Lewkowitsch, and by Coste and Parry, 
must In- n-garded as approximate. 

S{'(-d oils, such a.s cottonseed and mai/,(', .dso fish oils, would raise 
the specific gravity, iodine value, and Maumene value. Cottonseed 
oil would probably be detected by Halphen’s .tud Milliau’s colour 
tests ; sesami’ oil by the furfurol test; .and vegetable oils, generally, 
hy the phytoNterol acetate test (p. 232). 

MiiuVd and rosin oil would be found in the uiisaponifiable 
matter, which, in genuine ixsatsfoot oil, piobably docs not exceed 
1 ])ei’ cent. 

Sperm Oil. 

Mo means of distinguishing Southern and Arctic S])enii oils, except 
by tljc smell and appearjimjc, much less of detecting one when mixed 
with the other, e.‘in Ih) said to be known. .The most important difFer- 
’ JottT, Soc. Chew. Jnil., xvii. (189b), p. 5. 
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dice bctwcLii the oils a])|)cars to consist in the * molting- 

poiiits of the mixed fatty acids, but a sullicient numbd* . ' itlicntic 
sain])k’s of lacl. oil lias not been examined to ascoitain ‘vliat this 
diffd'cnci! really amounts to. No diftereiice oists in the nifractometer 
values, 1‘eanuain’s fi:j;urc +50, for Arctic s])erm oil liehig obviously 
\vroni>. Samples of the two oils kindly examined for ns by tbe late 
W. (diatiaway in .lean’s oleo-refraetometer gave an identical reading of 
- Kb k()r (.he two samjih's referred to wo arc indebted to Mr. .!. K. 
Ingleby of Hull, and it may be of interest. c(. giv(' lid’o tbe comjiletc 
results of the exainination of these samples. 

Tablk X(!1. 


1 



iK'Mnittiou 

Finest, Soutliciri 
Sperm Oil 

ne(Kltin/,etl \nti(‘ ! 
S]ttTm Oil. I 

Col (MU', 


Dark golden 
yellow 

( li'ldeii yidlow ; j 
j paid' than j 
No. 1. j 

Odour, 


Slight li.di). 

f'lshy ; more j 
jiiingent than 
No. 1. ' 


Sjiecirn gravity at (it)' K. (t.), . ■ 

O+SOl) 

0*8787 j 

'HM‘.o.«iil,y (ah.sobite) at (>()' k floaT’ (A), 

0’31)15 

i 0*1148 ! 

krec/.i'ig-point, 

Doth iiractie.dl 

V ‘ set ’ in ice at . 


32 ' F.' 

\u'r.) 1 

Ikfractometer value at 22 " C., . . | 

-13 

-13 1 

Free acid, as oleic acnl, . . .1 

1-2 

!■(> 

Sapomti cation value, %, . . ! 

12-00 

1 12*50 

Iodine value, . \ 

H4-4 

8 1 *5 1 

]\Iaiiuiene thermal value ; 50 grins, oil, j 

4(;-o" 

i 44*8" 

10 of 1)7% sidpliiiric arid ; 0.) . i 

l'iis;ipomlial)lemattcr(niixe<l alcohols), %j 

391 

39-7 

Mixed Fat t If Acids. ' 



Melting-jioint (Hacli’s method), “ C , . | 

Sobdifying-point (Hacii’s method) ‘"C., 

2K4-' 

Ki-K 


b»u i 

Mixed Alcohols. 



t'oloiir, . . . • , • 

Nearly white. 

Nearly while. 

Saiioniiication value of acctylated jiro- ' 

18*40 

18*02 

f' ict, %, 



. - # 



1 


The problem, therefore, of detecting Arctics sperm f)il in Southern 
sperm oil being, for the present at any rate, insoluble by chemical 
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inL'UiodsJ two oils will l>c (uuisidcred Jis identical in the following 
rcjuarks. ( ^ 

The specific gravity of genninc spcrin oil ranges from 0-878 to 
0-881, and wmdd he raiKod by the .‘wldition of any fixed oil or fat ; 
this could he corrected l)y the addition of light mineral oil, hut not 
without lowering the flashing-point, which, accoi-ding to Allen, is as 
high as 480’ V. in the case of genuine sperm oil. Out of 03 sam])lcs 
of sperm oil tested hy Veitch AVilson the llashing-yioints (cdosed test) 
of only three samples were'helow 410” F., viz. : — one samjile 400 and 
two 300”. The others ranged from 410” to TSo"' F^, and the averages 
were 157-5’ for Southern sperm and 416-2”' F. for Arctic sperm. 
There are pur(‘ mineral lubricating oils having the same s])ecific 
gravity and vis(;osity as s])(*rm oil, hut their flashing-points arc lower 
than 400“ F. 

The low saponification value of sperm oil is characteristic, hut is 
not to he relied upon as a test of })urity, sinc(* a mixtui-i' of a chca])er 
lixi'd oil with mineral oil could he made to have the same value. 
Lohry De Ih'uyn has found, however, that in sperm oil adulk'rak'd 
with such a mixture the presence of mineral oil can ho di’tected hy 
7/u/dcV fed (p. 210), since the higher alcohols formed hy sapimifying 
sj)erm oil do not se])aratc at once on adding water, hut remain for a 
considerahl(! tiuu; dissolved in the soapsolu^m. 

The most reliable means of detecting the adulteration of sp('rm oil 
is to isolate! and examine the unsapoilifiable matter. ( lenuine sperm 
oil yiehls from 3{)-3 to 41*5 percent, of unsapomhahlo math'r, con- 
sisting entirely of wax alcohols easily soluble in cold rectified alcohol ; 
if the unsa])oniliahle matter ohtaiiu'd from 5 grins, ol a sample ^)f 
spiu-m oil he normal in amount and completely sol id )le in 50^ c.c. 
of cold alcohol of sp. gr. ()-834, the sample is most probably genuine. 
For further information as to the projierties of the wax alcohols from 
sjierm oil, see Table LXl. (p. 234) ; also ])age 230. For the analysis 
of mixtures containing sperm oil and mineral oil, see p. 245. 


Porpoise and Dolphin j2w Oils. 

The remarkably high Reichert value is sufficient of ik elf to 
identify these oils. The high saporification value and low iodine 
value iirv also characteristic. The results obtained hy the exa- 
mimitionof a sample of Kelley's watch oil are given on p. 121. 

D.-~BL0WN OR THICKENED OILS. 

lllown rape oil and blown cottonseed oil (‘lardine') are usually 
pale-coloured and extremely viscous oils having a nai seous odour. 
'Fhe oply natural oil which they at aft reseinhle is castor, and from it 

* Not less ; see footnote on p. 230. 
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they are easily distiiiguislied by their spariiij^ solidniii^ • ih alcoliol. 
1-2 c.c. of castor oil, if shaken in a test-tube witli 1(> c.i . of 90 per 
cent, alcohol, will dissolve easily, but the same (piat^tity o< olown oil 
remains a})parently insoluble. 

For the detection of blown oils in castor oil, sec (kialor Oil (p. 319). 
For their identification when mixed with mineral oil, the following 
characteristics are available, viz. : — the dark colour produced on 
saponifying them with alcoholic potash solution; the high specific 

gravity at ( J. of their insoluble fatty acids (p. 185) ; the consider- 
able proportion ot soluble non-volatile acids formed ])y their saponifi- 
cation (]). 123); the comparatively low iocline value and high acetyl 
value of the insoluble fatty acids {see pp. 250 and 250). Tlu* soluble 
non-volatile acids were determined by 'riiomson and Ballantyne by 
collecting the filtrate and washings from the insoluble acids, distilling 
to dryness and extracting the dry residue with ether. After expelling 
the etlier by evai)oration, the acids were weighed and then titrat'd 
with standard alcoholic potash solution. For the Ueichert-Meissl 
value of blown oil, see j). 242. 

Blown oils hav(‘ not i)e{‘n sufficiently investigated to enabh' data to 
he giv('n for distinguishing them with certainty oiu' from another. 
Bhnvn cottonseed oil may be recogniz(‘d by the high nielting ))oint of 
the fatty acids (11'' (t), a.n<l may also be distinguished from blown 
rape oil by its higher saponification value, provahsl tin' oils compared 
have reached tlu* same or nearly the same degree of oxidation, f.c. 
have be<m raised in specific gravity a])Out the same nijmber of units 
r])ove tlie avei’age gravities of the natural oils. Thomson and 
Ballantyne have found, by experiments with su(*h widi'ly difi’en'iit oils 
as rape and sperm, that the specific gravity and iodine value simul- 
taneously rise and fall in almost exactly tlu* same ratio during oxida- 
tion. Thus, a rise in the specific gravity of 1 unit in the third decimal 
place was accompanied by an average fall of 0*787 per cent, in the 
iodine value of rape oil, and 0*789 per cent, in that of sperm oil. 
The fall in the iodine v^yue of the nipe oil was, however, more rapid 
ill the early stages of the blowing process, averaging 0*903 per unit 
rise of sp. gr. during the first five hours. Similarly, the increase in the 
sapoLlfication value was more rapid at first, for, by the time the rape 
oil had risen in sp. gr. from *9 HI to *9275, the saponification value 
had risen from 17*39 to 18*30, i.e. 0*067 per unit ; but after the oil 
wiis fully blown and l^ad increased in sp. gr. to *^ '15, the sa])onifica- 
iion value hiul only risen to 19*49, or an avcnige, during the wdiole 
ptu'iod, of 0*044 per unit. • 

Blown oils should be examined for acidit}^ in the same manner as 
the oils- they are made from. As stated on p. 1 22, the tendency of 
th.- blowing process is to increase tljp percentage of free acid. 
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\<l MIXED LUBRICANTS. 

Mi\.L‘(l iiuiy ]h‘ either oils or greases, and may or may not 

(!(nitain soitp. Kor tlu' deicetion of son]), s(‘e seeiion \V, ]). dO.'). 

I. Mix(!d oils and gi’eases free from soap m.-iy eonlMin miii('i-;i1 oil, 
rosin oil, or coal-tar oil, together with a li^ed oil, fat, or wax ; the fixed 
oil may ])e a. Idown od. An a])j)roximate analysis may fi’CMpiently he 
made l)y (lri])])ers nadhod (,se(*tion l>, p. 223). 

A moi'e exact anal\sis may Ix' made hy isolating an<l wa'ighing the 
nnsa])onitial)le matU'r (section M, p. 221), ajid Jieif' deli'rmining its 
])rop('i'ties and nature (seidion h, ]). 22(^). Ily re<‘overing the mixed 
fatty acids from tlie soap solution, and snhmitting them to examination 
(section <i, ]). 2.').'‘)), tiie fatty ingnslic'id of the mixture may Ireipumtly 
he identified. Obviously, the ])ro1)l<‘m becomes simplitii'd when the 
mixed oil is jmrchas(*d to a speciiicatioii stating wliat tlu' nature and 
proportion of the component oils must he. lAa* th(‘ analyses of 
jjiixtnres containing sfx'rm oil or wool fat and mineral oil, see }). 210 . 

II. The analysis of oils and greases containing soap is conducted 
ill the following manm'r; 

10 gi'ins. of the sam[)le are stirred w ith ether in a. small beaker 
until dissolved or thoroughly disintegrated. Tla* lapiid is then 
rinsed with etlu'r into a separating funm*! ai# shaki'ii si'veral tiim's, 
xvith 10 c.c. each time of hvdrochlorie acid (sp. gr. Idtt) todecom])ose 
all soa])s and extract the has(‘s. Tim ethereal lupiid is then waslu'd 
with water until fi’ee from acid. 

Acid extract.- This contains the met;ds existing as soaps. It i" 
first w'aslied with a little etlu'r to remove mechanically mixed oil, the 
ether being addiid to the main ethereal solution, d'he liipiid is then 
placed in a beaker, (;ovcrcd with a clock-glass, and heati'd on a warm 
xvater-hath until the dissolved ether has hoili'd away. It is then 
poured into a basin, evaporated to dryness on a steam hath, redissolviid 
ill hydrochloric acrid and water, hltered, and the metal or metals which 
were qualitatively detected in the asli may bg determined in the clear 
solution. 

Ethereal solution,— -This contains the neutral oil (fatty and 
mineral), togetlier with all fatty and resin aei<is which existt^l in 
comhiiiatioii with the metal as soji]). Jn order to extract the fatty 
and resin acids, the solution is .shaken with 50 e.e. of a 2 per cent, 
solutioh Of biustie soda (10 per cent, caustic spda solution, 20 e.e.; 
rectified spirit, 10 c.e. ; water, to 100 c.c.). The shaking should be (;on- 
tiniied for half to ou? minute and bo not too vigorous, lest an emulsion 
be formed, Aftci' separation lias taken place, ti\e soda solution is 
drawn off into another separator, and the ethereal solution is furtlicr 
shaken with 10 c.c. quantities o[ the dilute soda solution until all 
fatty acids are extracted : it is then wa^shed several times with water. 
The mixyd alkaline extract is first shaken with a little ether, w^hieh 
is added to the iieutra'I etlfcoroal solution ; it is then acidified, and the 
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libei-atiid fatty (and rosin) acids are extracted with ^‘‘hor -nd/voif^diod. 
TIio iJLMitral otlioroal solution is also evaporated and 'Lo residue 
woigliod. dins obtain : - ' 

(a) Jl/rfa//f‘r exidrinj as wa/K 

(I)) Fatfii {anil min) acidt^ (‘.cislimj In llu' fri'c staff' and as snap . — 

I Jotorijiino the /m’ /«//// arid in a ])ortion of the <a‘i^na! sain])]e 
as diri'otod in section A, p. IJib: if woitli wliile, deduct this 
Miiiount from the total, and iiniltiply the reiiiainder by 07 to 
rediieo to anhydrides; add the U'ciallic oxides; the sum is 
lli(' amount of dry saap, liosin.^ if detected by liieitermann’s 
test, maj^be determined by d'witcbeirs metlmd. J^hrnols, 
fi'om coal-tar oil, if present (very rarely), would liavi' to be 
separat(‘d from the fatty and resin acids by distillation witli 
steal M. 

{(•) Itrsidnol (uf'ntral) oil. This may contain any or all of the 
followinj*’; -mineral o//, rosin oil [roal lar o//), //.m/ oil, war, 
and, possibly, friw wax alcohols. It must be analysed a.s 
direetiHl above, j). 32S, K, I. 

In addition, the ijjri'ase may contahi - 

{<!) Whaler. This is de1.ermmed as diri'eted in section Z, j). oOo. 

(e) Non faff}/ ingredient', such as plninhago, fair, sulphur, etc — 
These will, lor the most part, remain insolubh' and be drawn 
oT with the apueoiis extract. They must be liltei’ed oil' and 
exa mim'd separately. 

(/) Nxeess of hase. — This is deU'cted and ('stimated liy detc'’niininj; 
the eoinbini !!,<;’ weijidit of the fa.ttv acids and asci'i’taininf^ 
w hether the amount of base found is more than sutlicii'nt to 
saturati' them. 



CHAPTER IX. 


THE MECIUNICAI. TESTING OP LUHIilCANTS. 

Introductory.-— Alth(ui<j:h a jujroat d(‘al of iiifonii.atioii can ])c obtained 
hy the elicntieal analysis of lubricants and ])y determinations of 
viscosity, specific gravity, flasbin< 2 [-j)oint, (‘tc., it is not always p(>ssibb 
even for an expert to selc(5t with certainty from these tests alone the 
most suitable oil for a particular class of maehiiK*. There is no labora- 
tory method of measuring the degree of ‘oiliness’ or ‘greasiness’ 
whicli a lubricant possesses, and upon whi(5lf its value as a means of 
reducing friction at loW speeds and under high j)ressures so gn'atly 
depends, it also very frequently happens that engineers in eliargc 
of macliinery have no means of obtaining expert advice regarding 
the oils they use, and are com})elled to rely upon such tests as they 
can themselv('s make. For this purpose, oil-testing machines have 
been invented with bearings so arranged that any desii'ed load may 
be put upon them, the speed and method of applying the lubricant 
vsiried at will, and the frictional resistance, heating, etc., accurately 
measured. 

Objects and Conditions of Mechanical Testing.- M(iclianical tests 
of lubricants and friction surfaces may be ;nade with two distinct 
objects in view, one being to measure the amount of frictional resistance 
to free motion otferwl by bearings lul)ricated in diftcrent ways or made 
of dill’erent metals or alloys, and the other to dett;rmine the relative 
oiliness or greasiuess of the lubricants ^ 

Useful hints concerning the emhirmire of oils may also be obtained 
by observing tlie changes which the friction updergoes after the oil 
lias remained exposed for some hours to the air. 

Specially designed machines have furnislu'd data which have enabled 
Osborne Reynolds to place the mathematical tjieory of ‘jx^rfcct’ 
lubrication upon a firm basis, with the result that the part played 
by viscosity in the reduction ^if the frictional resistance between 
cylindrical journals and their hearings ps clearly understood. Indeed, 
it niay , safely be said that meelianical testing machines have yielded 
to skilful operators iiifortuatioii which is slowly but surely leading 
330 
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cii^’iiiocrs to Huijstitiite for old methods of lubricati-'u iif which 
give greatly iiicroascd efficiency. 

A mechioic.d testing nuicliinc is thus, from a nractl- .o point of 
view, far from being a useless contrivance, and should bo regarded 
!is an in(lis})ensable part of tlie equipment of a modern oil-testing 
laboi’atory. 

1’he more closidy the conditions under which the oil is to work in 
jjractico are ap])roached, the more Si tisfactory will be tlie results 
obtaiiK'd ; for, froin the point of view of bietional loss, every change 
which occurs in the load, in the s})eed of the journal, in the method 
of supplying thc^lub. icant, or in the rubbing surfaces, has an important 
effect iq)on the frictional resistance. In order, on the other hand, to 
detei'iniue the oiliness or grcasincss of a lubricant, it is lujcessary to 
elimi»ia1e, as far as possilde, results due to viscosity. ‘Imperfect’ 
meth )ds of lubrication admit of this being done most satisfactorily, 
experiment having shown that whereas at low speeds greasiness is 
an all-ini])ortant factor, in pcaToct lubrication at high speeds viscosity 
plays tlie num' important part. 

Thin films and low speeds are also the most suibible (‘onditions 
under wliich to ascertain tlie effects resulting from changes in the 
naturi' of the metals in conbict, as at high speeds a brass is gimerally 
lifU'd (|uit(' off’ its journal by the formation of the pressure film. 

Design of Oil testing Machines.— Numerous forms of nuu*hine have 
bce.i built and used for testing jmrposes, varying in design accoi'ding 
to th(‘ effects which it has been*desired to nu'asun', and which may 
be summari/('d as follows - 

(1 ) ( utiqiarative oiliness or greasiness of lubricants. 

{' 2 ) briclioiijil effects due to viscosity. 

(3) Kffccts residting from dilh'rent methods of applying tlie 
lubricant. 

(1) Fiffects produced by different metals working in contact. 

(5) Fffects of tianperature on friction. 

(6) Effects produced by different loads. 

(7) Effects produced, by varying speeds. 

A description of a few only of the. different types of machine designed 
for ordinary testing ivork, or wliieh have been used for experimental 
])ur|li)ses, will here be attempted; the nature of the tests which imiy 
be mad<; with them being, in some cases, givim. This can, however, 
only be done in an incomplete manner ; for the subject is an extremely 
complex one, each kipd of machine requiring different treatment, and 
being capabh' of affording valuable information if placed in the hands 
of an operator who has a knowledge of the theofy of lubrication and 
has had some exp^erience in the management of machinery. 

It iiiust be remembered that every change of speed, load, method 
of lubrication, temperature, form of bearing, and condition of rubbing 
surface has some, frequently a considerable, effect upon the frictional 
resistance obtained with each lubricant, and, therefore, ^that the 
problems arising in the course of such experimental w^ork ere often 
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very iiiirit.iU and difficult of solution. If, for iiisUinec, a iiuiidxu' of 
oils U'sted yodor siuall loads fall in a partuailai- order of uu'rit as 
r('pu‘ds fricviou-rodueinic power, on testing them with he: vier loads 
the order in:iy Ijc found to h.avc entirely altered. (Iiaiiges of speed 
produe(' ev('n mon' marked diflerenees, sometimes iiiere:isiiig and 
soiiu'times deereasin.u the frietion. These points h:ive been dealt 
with in some d(‘tail m (1i:ipter IV., on ‘The Theory of Luiu-ication.’ 
Much, however, still reneiins to he learned eoneerning the frietioual 
resistanei's of hearings wlum running at low s])eeds witli dillerent loads. 
This point will he hrielly diseussed in ('hapter X,, on ‘The Design 
and Ijuhrie.ation of Ix'arings.’ 

Mechanical testing maehines vary greatly, not only in the shape of 
the contact surfaces, hut also as regards the indi(*:itions whiesh they 
giv(‘ conci‘rning the degree of frictional resistane(‘ encountered. In 
some neichines the rotating surface assumes the form of :i wheel or 
drum ujion which a hearing hlock is jiressed. In others it is a disc, 
the Hat side of winch is pressed against a similar disc, Hut in the 
machines most commonly used the contact surface taki's tlus form of 
a cylindrical journal a few inches in diameter, upon which rests a 
weighted hearing-block or hras.s. 

It has been shown (p. hi) that the conditions under which luhri- 
cation can he elVectc'd with cylindrical rotating surfaces are quite 
{litlerent from those which obtain with disesw othei' plain surfaces. 
It will, therefore, lu' convenient to deal first with the rotating cylin- 
drical or drum form of machine, and, snhse<piently, with machines that 
give' the frictional resistances, etc., Ix'tween discs and plain surfaces. 

Cylinder or Driuu Macliines. — T/mrsfou's MarHne . — 

This machine, which is made by jMessrs. W. II. Hailey A. (k). of 
Manchosteiv is freijiuaitly used in Knglaiid and America. It is 
convenient, and easily k(‘pt in order; for scientific wjrk, however, 
it is hardly suitable. Two sizes arc made : one, a small machine, 
oe(ai])ying but little space and requiring very little power to drive it ; 
and aiiotlier, of much larger form, suiDihle for railway woik. 

Of these, tlie larger machine only will described. It has a 
cylindrical journal against which work two hresses, one above and 
the other below. Slung from the ujiper brass is a hollow j)ondulum 
containing a strong spring, the upper cud of which lifts the holftom 
brass against the jcmrnal, whilst the lowtr end depresses tlic pendulum 
and helps to weight the ujjper brass. 

l^'ig, il) iiTa si'de elevation, with brasses and jicndidiim in section, 
and fig. 77 is a photo-print of this machine as used by the authors. 
Fig. 76 is a front view of part of the machine drawn to a larger 
«eale. The hollow shaft A, driven by a cone pulley B, is mounted 
on a strong cast-iron stand, the forked ends of which form the 
bearings upon which it runs. Onv end of the shaft projects beyond 
the Irearing and is fitted with a hush f), on the outside surface of 
which thy oil tests are made. This enables viwrious metals to be used 
"as hearing surfaces, for the*lmsh can be removed and another put in 
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!Ix1i!-}k)x K, whicli pHSH(‘K roiiiid the journal and holds the bearinpfs T> 
in position. In the u}>per part of this tube is loosely fitted a distance 
piece (), which, by the action of a stronjj^ spring below itj fonjcs the 
under brass against tiu' journal. The end of the spring does not 
press direcdly against the distance piece, but upon a screwed washer, 
K, threaded upon a rod which has a square end, by means of 
which it can be rotab'd. At its lower end the spring rests u]K>n a 
cap, 1, screw'od to the tube H, by which the stress on the spring is 
brought to bear upon the upper bearing D, as well as on the low’or 
one. To compress the spring and increase the load on the bearings, 
the scpiare end of the rod M is rotated, which i\)weis the Avashcr K, 
to which is fixed the index finger Y. A graduated scale, Z, screwed 
to the tube 11, shows the weight per sipiare inch and the total weight 
on the brassies for every position of K. A ready means of taking 
the pressuri' off the brasses is furnished by the nut I’, which can be 
scrc'wed down until the key H, against which it prijsses, sepaiates the 
distance iiiece from the bearing. 

it is evident that any friction between the brasses l>l) and the 
journal (' will cause the {lendulum to move in the direction of 
revolution of the shaft, and the greater the friction the further will 
the pendulum swing, the angular movement l^ing indicated by the 
pointer V moving over the arc W (see fig. 7^. As the moment of 
resistance of the ])endulum varies with its weight and the })Osition of 
its centre of gravity, it is possible to vary very considerably the 
scale of totfd frictional resistances marked on the arc W. When an 
open scale is reipiired, the castings 1 and .1 are suitably reduced in 
weight, as shown in the figure; a counterbalance can also be placed 
on a pillar screw'cd into tlie top of the axle-box K. Of course, each 
alteration of the [losition of the centre of gravity of the pendulum 
necessitates a corresponding change in the graduation of the scales 
W and Z, and for this reason it sehms preferable to graduate the arc 
in degrees instead of in total frictional resistances (sec p. 839). 

The lubriwintein be supplied to the journal by means of pads, 
fixed in the sideFof the axle-box, the method of supplying the oil to 
the pads being varied according to the conditions of lubrication 
under which it is desired to experiment. Another method, used by 
the authors, is showui in fig. 70. a a are glass tubes passing tln8ugh 
corks fixed in hoh^s in the sides of the ;.xle-box. Each tube is drawn 
down b) a fine orifice, through which a double strand of cotton wick, 
is pass('d,7ieJ(l by ineans of a looped platinum wire, w. The tube 
is filled wdth the oil to be tested, which is conveyed through the wick 
on to the 'journal. - By varying the size of the orifice, the rate of 
reed of the oil can be altered at will. Tiie oil fed in this waiy on to 
the journal does’ not spread itself evenly along the upper brass, but 
tends, to collect at the middle ; and at high speeds, if the feed of 
(>il be ta]>id,'it tends to collect in droj>s, and to fall away from the 
journal wdthout wetting it.* It was found that this could be pre- 
vented by placing a knitting needle, r, in the angle between the brass 
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and the joiirniil. The knittiiij;’ needle, whieh is held in. ovysit-.ioii l)y 
the tension of the oil-tihn, rotates rajmlly, and sprcaas i/ie oil from 
end to end Of tlie brass. Two small hooks, k (the froi. - one only 
shown), fixed to the ends ol the hrsiss prevent the needle from falling 
away when the machine .stops, or if the tension* of the oil film should 
boeome momentarily weakened. To spread the oil along the lower 
brass, a narrow strip of sheet brass, />, is soldcrc^d near one edge, so 
as to form with the jornmal a channel whieh collects the oil. This 
lower brass, in the machine nsed by the authors, is crescent shape in 



section, and is supported in a well lubricated steel cradle, r, which 
allows a little sideplay in the axle-box, and enables the friction surfaces 
to place themselves in thaf position which gives the greatest carrying 
ijowei',' Suitable grooves cut in the steel cnidle collect the surplus 
Oil which falls from the journal and biusscs, and conduct it into the 
trough d (fig. 76 ). 

To assist in distributing the lubricant evenly over the journal, and 
to prevent both it and the brasses from \vcaring in ridges, the 
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latest foi'.n of Tluirston’s machine is fitted with an cecentric N, fij]f. 
75, actuaVn^' tlie rod L, whieli slowly moves the l)i*assc^' backwards 
rnd forw/Vds alon^^ the journal. With this device iiUached, the 
readin<^s obtained by making a series of tests of the same lubricant 
show h'wer and smalU'r discrejiancies than can be obtained when the 
brass has no lateral play. 

In the machine as usually supjilicd, a thermometer, the bulb of 
which is let into the metal of the upper bearing, measures the 
temperature to which the latter is raised by the friction. In the 
machine used by the authors, the hollow brass pillar, S (tig. 75) is 
scri'wed into the top of the axle-box, and through 'this a thin steel 
tube, X, closed at the lower end, is passed into a (ionical hole in the 
upper brass into which the end of the steel tube tits closely. In this 
tube an ordinary glass chemical thermometer, T, is pkuicd, the bulb 
of which is imnuTsed in mercury which fills the lower end of the 
steel tube. W'lu'u it is desired to remove the pendulum fi’om the 
testing journal, the steel tube X is taken out, and a brass cap with 
a ring at the top is s(;rewed on to the brass pillar S. I>y means of 
ail atta(!hment from a small overhead travelling crane, the pendulum 
may thus be easily moved off and on the-^journal. 

To the [lendulum and stand is sometimes attached a cord or chain, 
of such 'length that the pendulum cannot ^'ing beyond the desired 
limit. 

The machine should be driven at a very regular speed, preferably 
by an electric motor, and such gearing should be used as will enable 
it to be run at a variety of speeds; for, with gocxl lubrication we 
may, roughly, consider that at high speeds and moderate loads it 's 
the viscosity which controls the frictional effects, whilst with low 
sjieeds and heavy loads the etiicicncy of the lubricant depends upon 
its oiliness or greasiness, as well as ui)on its viscosity. 

To the latest form of this machine there is attached an automatic 
rcijording ajiparatus, which registers on a sheet of ruled paper the 
number of revolutions made by the journal and also the frictional 
resistance at each moment. The paper upon which the record is 
drawn is placed upon a drum, Q (fig. 75), rtn’olving once for every 
100,000 revolutions of the journal. Against the, paper rests a pen, 
actuated by the pendulum as it swings from the vertical, f.i the 
machine used by the authors a second sjieed gear has been added 
for slow speed tests, capable of revolving the drum once for every 
120 revolut'ibhl^'of the journal, so that the diagram paper is moved 
a (piarter inch for one revolution of the journal. A counter is fixed 
on tbe, ipachine in a convenient position, to indicate the number of 
revolutions made by the journal. 

The greater portion of the load placed upon the test bearings 
results from the compression of the central spring, and is equally 
distributed between the upper and lower brasses In additiqn, how- 
ever, to the pressure resulting from the stress of the spring, the 
upper bras^O, when tlie sVing of the pendulum is small, has to carry 
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the wciglit of the ])ondukm as well. When this i‘. .ind the 

pressure o’’ the spring coiisidera])le, no serious error i •. ’ Its from 
taking the load on the hearings as being distributed eveiu} between 
the two brasses. i\]thoiigli, by grasping the jcnirnal between two 



• ^ 

Fig. 77. 


briittses, and putting on the load by (impressing a spring, some errors 
rare introduced, the arrangement has the advantage of reducing the 
pressun' on tlic supports of the journal, and all risk of overl^eatiiig 
the fixed bearings is avoided. 
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Sc’voral iiictliods (jf calrulatinjj^ the area of contact of a brass have 
been a(l()|;tc(]. The plan commonly followed has beeiuto multiply 
tin; ]('Aigtlf of the brass (h) by the diameter of the journar (2r,)) ; 
is then the projcijb'd area of the bearing on a diametral plane, or, as 
il is c,oniinonly called, the nominal area, ibit it is impossible, oxce])t 
witli light loads, to make a bearing run satisfactorily when the brass 
('iiibraces a-s much as one-half of the journal. In practice, the sides 
have to be ])nt away until the actual arc of contact is only one-fourth 
or one-fifth of the cireaimfenmec ; and as at all ordinary spc'cds, with 
good lubri(;ation, the friction is nearly proportional to the actual 
contact area, it is better to substitute actual for .lominal areas by 
multiplying the length of the arc of contact a by that of the brass b. 


Thurston graduates the scales on his machine on a nominal area basis ; 
howevcu’, from the following formula* the scales can be graduated to agree 
with actual areas of contact, and from them the true coellicieiit of friction, 
etc., can he obtained. 

liOt r--' radius from c.entre of journal to centre of gra^ ity of peiidulinn. 

I -radius of journal. 

\V weiglit of ]»endubim. 
u width of brass {i.e. length of arc of contact). 

- length of hra.s.s. 

i^-- total pressure of brasses on journal, 
p— pressure j>er sq. in. 4^ 

T-=l()ad on sjU’ing. 

0 wangle between j)endnbim and perpendicular throngli axis. 

/X -c.oeflicdent. of friction. 

F- total fri<tional resistance. 


Wh(*n 0 is eipial to DO'', Wr . . . {!) 

When it ih ecpial to any other angle, Wr sin 0 -F/'o . (2) 

Tl.crcfo.-e, (3) 

From equation (3) the graduations on the arc W are usually marked 
olf so as to give the tokl frictional resi.stance F for any angle, hut a.«, when 
the. spring is comjiressed, the centre of gravity of the penduliini moves 
downwards, and the length of r therefore increa.ses, these graduations can 
only he stihtly correct for one position of the spring. 

When the pendulum is a heavy one, and the conque.ssion on the spring is 
such that the load on the hra.ss is small, the load on the iijipcr brass is, at 

all .small inclinations, Pj-T-fW (4) 

and (tn the lower hras-s, P.>=T . ■< (5) 

When T, large and W is small, it is sufticiontly ac<‘urate to make 
P-2T-PW . . c . ' • ■ . (0) 

and from this the left hand side of the scale N is graduated. 


Under si milar circumstances, the pressure }>er sq. in. is p - 


P __2T-hW 


( 7 ) 


'-2(ih 2ab 

From this-equation, the graduations on the right liand side of the index 
plate are dcducetl, ^ 

The readings given )>y the index plate N and the a^'c W enable the 
coeflicient of friction to he calculated directly, fpr 


_ F_ Reading giv(*u by arc W 
1‘ Reading given by index N 


( 8 ) 
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When experimenting with small loads on this machine, it r iis< .le h' rne in 
min<l that tli' load on the iip]>er brass is always greater than o e lower 
one. Under Jiicli ircumstances, the maximuiii load is gi^ en by t j ution (4) 

P T+W 

and the la’cssure per s(!. in. is n— . *. . , . (0) 

ab ab 

It is iin})()ssiblc always to measure accurat(dy the friction due to 
the u])per and Iowan- brasses respectively. AVben tlie ln])ricati()n is 
good, and tlie s})eed of nibbing over 3 feet per minnti', the friction 
is proportional to the area of the lirass iu contact w'ith the journal 
and indcjiendent ^of the load, but wdicn the speed is small this is 
not the case, and it is imjiossible to obtain atrumfi'iy the coefficient 
of friction of either the ujiper or low'or brass. 

As stated on page 331, the graduations on the arc W, wdicn marked 
so as to give the total frictiona,! resistance h’, are subject to a small 
error, due to the facd that tlu' length of r is increased by compres- 
sing th(' spring. Also, any alteration of the weight of the castings 
*1 and 1 wauild lender these graduations useless. The authors there- 
fore ])refei‘ to graduate the arc in degrees, and the index N in lbs. of 
spring jircssurc, and to construct a table from which liie coefficiiuit 
of friction can be read off corresponding to any angle of pressure. 
As an example, the followdng parMculars of the maclnne used liy the 
authors ar(i given, but of eourse they will not ap])ly to any other 
machine, unless of exactly the same dimensions, w'eight, etc. 

Tarlk XCIa. 

Vnhir of W, . . IhP 5 lbs, 

„ . . 1-875 inches. 

( At 0 lbs. pressure of spi-iug= 1 4'04 inches. 

” ' I At X (1000) lb.s. „ =14-04 +ri(0-02G) inches. 

f j) 1 np])cr bra.ss= 13-30 sep in(die.s. 

” ■ i Lower „ -- 13-13 ,, 

„ T, . . At 1000 lbs. on index N, lie* load dm* to jiressurc of 
s])ring=500 lb.s. (ni each brass. Therefoi-c, 


Scale lleadini; 

• 

Total Pressure (P) 
of hriissHs oil 

" 

iTcHBiirc per sq. inch (p). 

(lbs ). 

.lournal. 

Un Upper I’.rass, 

On Jx)wcr Rrnss. 

1,000 

1159-5 

49-6 

38-1 

2,000 

2159-5 

87-2 

76-2 

3,000 

3159-5 

124-8 

114-2 

4,000 

4159-5 

162-4 • 

152-3 

5,000 

5159-5* 

200-0 

190-4 

(),000 

6159-5 

237-6 

228-5 

7,000 

7159-5 

275 2 1 

266-0 

8,000 

8159-5 

• 312-7 

304-6 

9,000 1 

9159-5 

350-3 ! 

342-7 

10,000 1 
j 

10159-5 

387-9 

i 

380-8 • 


'S 
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.sh, «^159T> r «ii. ^ ^ 

7n 1 ‘875 


Scale Reading 
(II)S ). 


value ot^ SIT+W 


1,000 

1247-64 

sin 0 

1-076 

sin 0 

2,000 

1249-85 


0-579 

,, 

:i,ooo 

12"2-06 


0 396 

„ 

4,000 : 

1254-27 

1 

0-301 

„ 

5,000 

1256-48 

i 

V 1 

0-243 

„ 

r),(x)o 

1258-69 

1 

5) 1 

0-204 

5? 

7,000 

1260-91 

1 

M 1 

0-176 


H,000 

1263-12 

” 

0-155 

>5 

0,000 

1265-33 


0-138 

V 

J 0,000 

1267-54 


0-125 



l^'roin lli(‘ sbovo, Tji 1)1(‘ X(4ii. Las hceii constructed. 


Tahlk XCIn. 


Total Pressure on Scjile X^Thoiisands f»f I^onnds ) 

Delloction of i j ' I 

Penduluiii I 1 j 2 ' 3 4 | 5 G 7 ; 8 I 9 10 

(<legrees) ! 1 '■ ‘1 L. 


CoellUilcnta of fYietion. 


~ - 



— 



— - 


. . _ 

0 1 

; -0019 

•0010 

•0007 -000.5 

•0004 

•0004 

•0003 

•IX)03 , '0002 

■(Klfl2 

0’2 

•(M)38 

•0020 

•0014 -(KUO 

•(M108 

•0007 

•0(N)6 

•0005 I -(R'OS 

00(H 

0-3 

1 OOJiO 

■(.K130 

•0021 -OOIG 

•0013 

•0011 

•0009 

•0008 •IH)07 

•(H)07 

0'4 

1 -01)7.") 

•0040 

•«H>28 -OO-il 

•0017 

•0014 

•0012 

•(Xlll , -0010 

•IKK»9 

, OT. 

! •0(194 

•0050 

•0034 00'2G 

•0(r21 

0018 

•(H)ir. 

•0014 ' *0012 

•oon 

(l-d 

•0113 

•0061 

•0041 -oo:!! 

•0025 

•0022 

•0019 

•0016 -0014 

'0013 

(>•7 

-0132 

•0071 

•0048 -OO^K) 

•0029 

•0025 

•0022 

■0019 -0017 

•(H)15 

0-8 

•01i-)0 

•(KI81 

•0055 -0042 

•0034 

•0029 

■0025 

•('022 -0019 

■0017 

O'O 

■0109 

■(K)91 

•0062 -0047 

•0038 

•0032 

•0028 

•0024 •(H)22 

'0020 

i 1 ■() 

' -0188 

i -0101 1 

1 -0009 •(M)52 1 

•0042 

•0036 ] 

•0031 

•()(>27 -0024 i 

•002'2 

1 2-1) 

1 -0.376 i 

! -0202 

•0138 *010.5 1 

•0084 j 

1072 1 

■0(W1 1 

•(,>054 ' -0048 

•0044 

H'O 

•OWiH 1 

1 -oaos ' 

■0207 -0157 j 

•01-26 

•0l'i7 

■0092 1 

•0081 ' •0072 

•0065 

; 4-0 

, -0751 

•(ao4 

•0276 -0210 1 

•0169 1 

■0143 

•0123 1 

•0108 -OOOO 

■0087 

6-0 

1 -0938 

i -OSOfi ' 

•0345 •0-262 1 

•0212 ! 

•017. 

•vl53 1 

•0135 -0120 

•0109 

1 li'O 

•1125 

: -(Hws ' 

•0414 -0314 

■0254 

■0213 : 

•0184 

•0102 -014* 

•0131 

1 7-U 

; -1311 

'070.5 

•0482 -0306 ; 

, -(1296 

*0248 ' 

•0214 

•0189 1 -0108 

•0162 

80 

■1498 

•0806 1 

. *0551 -0419 1 

•0337 

' -0284 

•0245 

■0216 1 *0192 

•0174 

j-0 

•1683 

1 -0905 

•0619 -0471 

•0379 

, •0;{19 i 

•0276 

•0243 1 •0216 

•0196 

10-0 ■ 

•1868 

1 

' -1005 

•0688 . -052-4 

•0421 

; -0354 1 

' ( 1 

•0306 

•0269 -0240 ! 

•0217 


Before using a itew machine, it is desiralile to test the spring and 
verify the graduations on the arc W and the scalp N, if correct results 
are desired. The pointer which indicates on the arc W tlie deflec- 
tion of the pendulum should bt a knife edge, and should be attached 
to the axle-box and not to the brasj tube, since tho latUr rotates" 
slightly when the nuLP is turned. It ik also necessary that this 
pointer should be ciii>ablc of adjustment, in order that it may b^ 
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inadu to [)oiiit acicnrately to zero when the pendiilni'' <‘ 0 ^ rs lO rest 
after swinpji^^ freely, winch free swin^dngof the peiidiiiiUK Is brought 
alxait in the .“ol] nviiig manner. The journal is weU hihn n/vl with 
the oil to he tested, and is run for a few seconds at the speed of about 
100 revolutions per riinute, the pcndnluni heiu;:^ allowed to hang ))y 
its own weight, and all ])ressurc on the journal due to the spring 
being reniov(!d. An oil-fdin between the u])per brass and tlie journal 
having been thus established, the machi le is stopped : the ponduliini, 
bi'ing now' supported on the oil-tibii, will swing freely for several 
secvuids before the oil is s<jueez('d out, and, if correctly adjusted, the 
pointer will inaUe approximately equal and gradually diminishing 
excursions on either side of the zero before coming to r(‘st on the zero 
point. 

Method of M'ovlmi). — As already stated, in the machine used ])y 
the authors the arc W is graduated in degrees, and the scale N in 
pounds of spring pressure. Plain paper is used on th(‘ re(;ordjng 
drum, and, Ijcfore making (lach test, a base lino is drawn upon the 
paper l)y I'otating the drum against tlu^ ])en with the machine at 
rest and the pointer at zero. At the end of the test, the area enclosed 
between the curve and this base line is measured b) means of a 
planimeter if the curve is irregular, and thus the average dcdlection 
of the pinifluluin is easily dctcriuined .and tlie fibdion cocificient road 
oil' from the table. The following simple rules are followed in 
making each test 

' 1. See that the pointer is accurately adjusted to zero on the arc 
w'ben the peiidulum is hanging freely. 

1, n'ith the machine at rest, .and the ix/mter .at zero on the arc, 
low Cl' the pen on to the paper, and draw a base line by rotat- 
ing the drum. Then raise the pen ofl'tln? jiaper. 

3. Screw up the spring, with the brass nut, slack, until the 
d(!sired pressure is attained, then screw the nut down until 
the pressure is t.aken oft' the journal. Start the machine, and 
adjust tin; lulrricators so as to give the required oil-feed. Then 
slack the nut suBicicntly to bring the pressure of tlie spring on 
to th(‘ journ.al, ind run the machine at a fair speed unLil the 
brasses are well oiled and are nearly at the extreme front 
end of the jouruiil. Then adjust the speed to that required 
for the test, and, as soon as the brasses reacli the extreme 

front end of the journal, ^ drop the pen and , iimeiice the 

test. • 

t. Siartiny. — Be&jre starting the machine, see that the pressure 
of the spring is off journal, and that \he ])cn is raised off 
the p.aper. 

Stoppmg . — Before stopping the machine, raise the pen off the 

• 

^ Tlie Triction is sometimes dilfcrnt at the front an<i hack ends of tlic journal. 
Tnevefore it is desirable, espcicially when making slow Hjiced tests, to commence 
always at the same point. 
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p ]K‘r. Ik'foro relonsiiig the pressure of the sju'iiig, iilso raise 
ill ]»eii oH' the paper. 

C. Ums'nwj prnifulnm from - Ik'fore veiMoviug tlic 

pc'iiduluiii l‘r<»iu or r('] hieiu^ it upon tlie jouruiil, take eare to 
reh'ase the pri'ssuri' of tlie spring, eitlu'r ])y screwing down 
the nut 1’ or hy unscrewing the rod M. 

liefore testing a fresh sa)n])le of oil, the ])endulinu must he removed 
from tlie journal, ami the brasses and journal must he wiped 
thoroughly dean, using firs^ of all a sponge elotli ind afterwai’ds a 
soft duster, and taking eare to leave no lint upon the surfaces. The 
luhrieators, a a, lig. 77, are cleaned hy rinsing with etlu'r or hen/.ine, 
then w'armed, and aspirated with air until every trac.e of the solv('nt 
has been ex])elh'd. They an* then tilled with the od to he tested, a 
few di'o])s of tlu‘ od are also jdaced n})on the journal and brasses and 
spread over the surfaces with the (dean linger, and the jaaidulum 
is replaei'd u])on the journal. Then the ma(ddne is run for a. few 
iniiuiles with a free oil-feed to flush away the remaining traces of the 
oil last tested, and the test of the new od is commenced. 

(In'at care must he taken not to allo)v the brasses and journal to 
run dry and seize locally. Should this hap])en during any test, the 
friction of the surface's will he so much increiised in succei'diiig tests, 
even with the same oil, that the results wil^not 1 h' c.om})ara,hle with 
the ])revious tests. In fact, the etlect upon the frictional r('sistance 
of the surfaces caused hy veiy small changes in their shajie or con- 
dition is so great, (^specially at sl(n\ sjieecls and at higli pressures, 
and with hath and pad lubrication, that ('ach sample of oil k'sted in 
the machine must he compared with results obtained hy testing some 
standard oil immediately before, and, jireferahly, again immediakdy 
after, the saiujile has been tested. If the two k'sts obtained with 
the standard oil do not agre(', oiu' cannot he c('rtain that diflerences 
ohservcjd between the sam]d(' and tlu' standard may not he due to 
the frictional resistance of the surfaces having altered during or 
between the tests. 

When commencing to use anew machine o;;^new hiussc's, the proper 
bedding of the brasses to the journal is veiy iiii])orta.nt, and with new' 
brasses is very tedious. As the most rajiid weay taki's place at low 
speeds and under high jiressurcs, we have found it best, w'hen bedding 
new brasses, to run the machine 'under tlu'se conditions w'ith a 
mineral lubi’j'*ating oil of nmderately low’ viscosity (e.//. 900/7 oil), 
removing each brass at intervals of about tw'o hours and very care- 
fully scraping the high places, finally rubbingr Ihijm down wdth the 
finest emery papei^ until the brass is s^'en to be beai'ing all over. 
Another iLn|)ortant point is to have a very hard suffaiic on tin; testing 
journal. If the journal be made of s(jft steel, ])arti(des of brass torn 
ofb the bearings are apt to betjmic end)edded in the st('(d : these 
gradually gather more brass as the journal revolves, and eventually 
suflicient is collected kr cause local seizing to take place, and the 
surface of the brass Ixjcomos ruined. 
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To secure low IVictioiml resistances, ai id to olitaii; re.^l-'^.s almost 
wholly dependent upon the viscous projierties of tlie luh, *cinl, the 
brasses shorlu e.tch cover about one- four; Ji of the circiunfei ;M*e of the 
joiinud ; no oil-ways slioiild lie cut in th'jir surfaces, hut the lubricant 
should 1)0 su])plied by means of pads or other lub’ricators placed at the 
sides of tlie journal. The speed of rul)hing should not be less than 
IIH) feet ])er minute. When these conditions oldaiu and the load is 
not too great, it has been demonstrated 'hat the friction is [iractically 
liroportional to the viscosity of the oil, and is entirely independi'ut of 
the uatuiv of the contact surfaces or the oiliness of the lubricant. Jt 
is only with f.iirlif viscous oils, light loads, and good lubi'ication, that 
the oil jiressni'e film forms properly at spiieds lower than 1(H) leet per 
miniiti'. It will, of course, be iinderskMMl that dillerent oils will heat 
dilh'rently, and that the viscosity of the oil lilm must be taken 

for comjiarison with tin' frictional cllect, for the test to be a fair one. 
()n this account, when trials are made in such a manner that the 
friction results entirely from the viscosity of tiu' liquid, tlu' oil wdiicli 
at ordinary teinjieraturi's is most viscous does not always give the 
gri'atest friction, for the lubricating film is heated sevm'al degrees 
above the teiiqierat-uie of (he surrounding metals by the work done, 
and its viscosity is thereby reduced. Mineral oils tested against 
animal or vegi'tablc oils of the same viscosity will thus soiiHitimes 
give tlie lower friction, for the former lubricants, when heated, lose 
their viscosity somewhat more rapidly than do the latter {see pp. 
IDS, I fib), b’l'sts of this kind by no means show' which is the best 
iiibricunt, and need seldom be made, for the actual ^iscosity of an 
oi' and the eflWd [iroduced by increased temperature can be more 
satisfactoi’ily ascertained with the \iscometer. 

The legitimati' practical result ohtaini‘d by mechanical oil-testing 
machines is, as has already been pointed out, the determination of 
the comparative oiliness or greasiness of liquids and soft soluls ; pro- 
perties upon which the power of lubricants to prevent the abrasion 
and wear of contact surfaces largely depend. The method wdiich has 
been most generally adapted to determine such jiropertics has been 
to imperfectly lubricate- the bearings, and thus allow^ llu' surfaces to 
approach each other so closely that the oil pressure-film cannot form 
prope. ly. It is essential that the hearing surfaces should come into 
close juxta})osition, if we are to obtain a correct estimate of the 
value of different brasses, bronzes, and white metals, for these metals 
are only used to enable the bearing to carry its load -..knout suffering 
abrasion when the conditions of running are such that the oil 
pj'cssurc-film, maincuiied by the viscosity of the lubricant, cannot 
form, and the surfaces approach each other closely. For tests of this 
kbid, the brasses stiould be allowed to exiend over only about one- 
fntii or one-sixth of the circumfereiK^ of the journal, and the lubrica- 
tion mav be supplied by means of lubricators or well-moistened piids 
at the sides. • 

Supposing two oils are to be compared with oiu) another, Testing 
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should c()inino]]C(Ml at a speed of aljoiii nine inches to one foot 
pe]‘ Jiiiiiui ■, and at tlio higliest pressiin; whicli tlio oil rad ])earing 
will safely eany without s(f^/ing. It will he found, a,> i rule, that 
this pressure will he greatei the higher the viscosity of the oil. 
Repeated tests should he made with the sauui oil, at the same 
pressure and s[)eed, until successive curves, cacli corresjKHiding to 
one complete to-and-fro movement of the brasses along the journal, 
hec(Hue practically uuiform. Three curve's should tlu'u he measured 
with th(' planimeter and the average friction calculated. (Curves 
obtained at this slow speed ‘and at high pressures will probably he 
very iri't'gular in shape, owing to variations in th (5^' frictional resist- 
ance, du(' to slight irn'gularities of tlu' surface ; hut, if a smooth 
curve he obtained it will not, of course, he necessary to use the plani- 
nietc'r, and the* average deflection of the pendulum can he r('ad oft' 
directly from the scale on the are. If the friction show a tendency 
to diminish continuously, the brasses are probably not ])ro])erly 
heddcid to tlu' journal, and tlu' process of wearing them down must 
he (iontinued. 

Ihiving obtained satisfactory curves from one oil, the journal, 
hearings and lul)ricators should be cleaned, and the other oil tested 
in a simitar manner. Kurther tests should then he made with both 
oils, first at from 5 to 7 feet ])ei minute, and then at 100 feet 
per minute. It will be found tliat, as the s|^ed is increased, greater 
loads can ]>e put u]>on the hearings. At these higher speeds, also, 
the fi'iction will he less variable, tJie curves traced on the diagram 
will he more regular in form, and an average deflection of the 
pendulum can usually be read off directly on the arc. 

in the slow-speed tests, the temperature of the hearings and 
journal will scarcely he affected by the friction during tlie test, hut 
in the tests made at a speed of 100 feet per minute, the rise of 
temperature of the brasses will he com})aratively rapid and may 
he made the basis of a test. For this purpose, the machine should 
]je ' allowed to run until a definite temperature of, say, 80“ F. is 
reached. The pen should then he dropped on the pa[)er, the time 
noted, the counter index read off, and the aV%rage dc'tlection of the 
pendulum observed and recorded. When the thermomeU'r indicates 
85“ F., the time and the average deflection of ohe pendulum .should 
again he recorded. These observations should be repeat(;d at intervals 
corresponding to every five degrees rise in temperature, until cither 
the temperatiwl has risen to, sfiy, 110“ F., or the journal has per- 
formed 30,000 revolutions. Some tests made in tliis way arc recorded 
in Talile X('lc. c 

The results recorded in Table XCld. were obbiined by testing 
diflbrent oils at a nearly uniform speed of 7 '2 feel per minute, and 
under a constant average load of 271 lbs. per stpiarc inch of bearing 
surfi^cc (measured along the arc of conta{;t). The tests we^e made 
consecxitively, in the order stated. 
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Taulk X(Hc. 

'I'fBts maiU‘ at a Speed of 1 it per minute 

j ' Aincricau Mineral Oils, 

1 _ RiiShiaii 

1 Dpscriptum .)f Oil. Olive. | l.:ira. Rape. ' special 

! : ! “5K)()/7” Reil j Iteil "• 

j j I Engine j Knsme. 

’ i 

; S}.eeilio oiuviiy ;y, OjUlli O*!)!? O-.Hl 0 -P 06 0 -!ll 7 O'OJJG 0 -iKJ 7 

! 00" K., 

' Viscosity at 00 " K., O-OS O’OS .110 'Ml ‘i'OO 3'0 3’<18 

Niiinlier of irvolii- ' 3(1,000 30,000 ' 30,000 ' 30,000 30,000 | 20, 100 32,000 
tnms, ' I 

Temiu'iatiiie rose lOS'S" 105‘0" , lOS'p" ■ 100 5" 1 15-2" i 1 lOvS” ]17'2 

I'roiii 80" K. to, i I i 

iCoeHieieiil of ) !Voiii ‘OO:)! -0044 , -OOf.;) ' ‘0010 *0074 I '0078 , '008;. 

; friction fell > , i 

! .luriii'.Host 1 to '0031 '0030 ( *0035 '0031 '0037 '0037 '0037 


Tahlk X(!1i). 


Si'KKD. 7'2 feet per minute. 

\VKKAin<. liOAl>, 271 Il>8. p«r B«|uare inch of hearing .surface. 


.... 

No 

oil ffacd. 

, \'l8COsitj 

, atW) E. 

1 

Averase 
CocHlcicnt 
of Kiiction 

Temperature 
of UearingB. j 

107 

Anii'i'icau mineral oil (C'936), 

' 3'0 

•0035 

03 ' F. 

108 

Hussiaii mineral oil (0'907), 

: 3*48 

'0035 

05" F. 1 

109 1 

Russian mineral oil, 7r)^, . 

Rajie oil, 25/, . . 

il - 

•0023 

05" F. 

1 10 i 

Rn.‘-siaii mineral f<jl, 25/, . 

I'l ... 

•0037 

05" F. 

\ 

Rape oil, 75/, ' ’ . . . j 


•0012 

OG'5" 1<\ 


Rape oil (0'9M), . • 

i I'K) 

1 

( 

! 

American inineialuil, 75/ , i 

[1 ... 

•0034 

02" F. 

Rape oil, 25/ • . • • 

American mineral oil, 25/ . 

1 

•0033 

05" F. 

113| 

1 Rape oil, 75/ 

i • 

S'* 

;u.j 

Russian miner;*! oil, 75% . 

1 Rape oil, . 

i| - 

•0025 

00‘5" F. 


TIrj uiixiuvos used in five of the tests were made witli the sft-me 
samples of mineral and rape oils ;^s were used for the remaining 
thr(P‘ tests. It will be observed that, at the comparatively slow 
speed used, both the initieral oils gave lower eoeflieients of friction 
than the rape oil, owing to their much higher viscosity, but the 
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iilixtmvs'l’flvy lower eoelticients tluiii eitlier o}‘ ilie pure oils. It is 
also reiiiM*kahle that the iniAtiire of Itussian oil with *25 | <'r cent, of 
rape oil ^^'•ve a iimeh loweiifri(‘tioii than the mixture ’.v ith 75 per 
cent, of nipe oil, an<l iiie saiV.e result w'as ohtaiued on re])i'atin^ tlu' 
test ; see No. 1 I 1. 'Phe almost identical results obtained in tests 
Nos. 101) and 111 prove tin* comparative accuracy of the series. 

The ivsulls reeoixh'd in Table \(dK. show, in an interesting 
manner, how the frietion changes with the load at low' speeds, how 
much mori' rapidly it changes at a speed of less than one foot ])er 
minute than at nine times 'that speed, how' greatly an increase of 
speed may aiT(‘ct the fricti«)n when the load is eir.istant, and also 
what an important inlluence the viscosity of the oil has upon this as 
w'l'll as, geiK'rally, in reducing the frietion at low spi'cds. The 
marked diU'eronces in friction-reducing pow'er at thesi* low spei'ds 
between the three fixed oils, and between ra])e oil and a mim*ra,l 
lubricating oil of very nearly the same viscosity, will also be 
noted. 


— ■ 

— 

Taulk 

XClE. 

- - - 

Riissiaii 



olivr , |,anl 
Oil ; Oil. 

Jlapt* ^ Atncnciui Mineral 

Oil ! IKibneatiti^ OiL 

Mineral 
l,nbi icaliiif? 
Oil. 

SiH'ciiic ( 

ivavilyalGO' 

O'DIG 0‘917 

()*9M O^'.tOG 

0-917 i o'lne 

0'907 

Visco.sily at (10 ' K., 

0-98 ! 0-98 

1 

1 IG 1-11 

2-0(> '3-0 

3-5 

Sl)oe(l. 

Kfi-t ptr 
Miimlv. 

. TiOiid. 

libs jierHciuare 
iiK'h of Heariiij; 
Surface. 

_l 

t 

CofJJkiniL'! (if Fnclio } . 

! 

i 

0-8 

lliO 

•0095 -001 1 

'00‘29 , ^0027 

•0021 ■0015 

•0011 I 

„ 

i;jn 

•0150 . -0128 

■0043 ; -0214 

1 

004“.; -0012 

•0012 

__ 



— — 


— 

7-0 

139 

•001.5 -0012 

•0012 ' -00 1 8 

■00-27 ■ '0030 

•f'033 


1.^)7 

•0018 -OOIG 

•001 G ' -0021 

0O2G -0039 

■0031 


170 

■0023 -0020 

•O0'l8 •0033 

•0035 -0042 

•0033 


195 

■0040 -0034 

•0019 -003.5 

•0042 ' -00 12 

•0034 

ff j 

‘2K ^ 

■004G 1 0043 

•0032 -0058 

y0055 -0057 

•0053 











bseful comparisons of oils can thns^ be made wdtli Thurston’s 
machine, but we are hound to admit, as the resuit of much experi- 
ence, that wiieii facilities exist fyr making complete examinations of 
oil by viscosity and other labonxtoiy tests the results obtained by 
the maebiue can frequently be prcdictcdj and are, therefore, of 
limik'd^valuc. The tact ts, tliat the macliine tests which are most 
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valiliilik' arc those made under conditions wliich au' U' y lieblc to 
daiiian(' tl».>' friction surfaces, and wliieL, therefore, me/* ■ xf'urate 
coinjKirisoii" hetwa'en ditlbrent oils e.ireuiely did’cult t. olkaiii. 
hoi instanct', it would he useful to kno /, in eoiuparini;' oils one with 
anotln'r, wliich oil will carry tlie greatest load without seizing ; hut 
if, ill making such tests, tlie hearing surfaces shoiihl accidentally 
si'ize, even momentarily, damage may he done to them which would 
take a. long time to repair, and which would necessitate tlus rejieti 
tion of the tests which had iieen maih* previously to the damage. 

'riiurston states that his machine may ^>e used for the jmrposi' of 
aseerlainiiig thi'tgui..ming properties of luhricants, and also their 
durahility. No douht with care some idea on these points may he 
olitained liy tlu' use of mechanical testers, hut such tests are usually 
hettm' iiukIc hy physical and chemical methods. 

Many luhricants when c\[)osed to the air tak(' u[» oxygen and 
hecoiiK' thick, f.c. tiny gum. This change in the viscosity may he 
scarcely aiipreciahle when the liquid is ki'pt in hulk, hut wluai it is 
spri'ad o\('r a hearing as a thin Him and exposed to the air, it may 
rajiidly heeome a sticky mass and cease to lubricate. Mthough the 
extent to which this change takes place can hi' more satisfactorily 
measured by methods which have already been fully described ([). 200 
(‘i sv '7 ), useful information may sometimes he gained by measuring 
tlu' ('il'ect produced upon the friction coetlicii'iit. The hearings should 
he lubricated wdth just sutlicii'iit oil to wet them well and yet not run 
ofV. The journal is then run at tk sjieed of aliout lUO feet per minute 
with a very light load, and the friction and temperature noted when 
they have ceased to vary appreciably. Hoth brasses are tlu'ii removed, 
and thee, (intact sui’faees, protected from dust and dirt, are allowed to 
reimiin exposed to the air for a day or two. The brasses are then 
replaced in the machine and a test made as before. If the oil has 
thickened, the friction and heating wdll he greater tlian hi'forc. 
Tests of this kind are, howevi'r, very likely to injure the friction 
suj-faces, and it is, therefore, very questionahle whether it is woi’th 
while to make them. , 

Many lubricants which are liable to gum may also become iieid 
and attack the hearing surfaea's. Metallic soaps are thus formc'd, 
whichf dissolving iii the lubricant, cause it to thicken. Mineral oils, 
wdiich do not gum hy oxidation, may contain light constituents whieii 
evaporate aii(l leave thicker residues hehiud. For these and other 
reasons, an increase, in^tlie friction and temjicraturo vm a hearing after 
standing fora time ^ly^s not prove that the oil has really gummed hy 
o,\idatioii. ' • 

loir tests of durahility, tRc lubricant may either be supplied eon- 
•deuously in such small quantities that it sliall not run oti' the hearhig, 
but shall yet wet it well, or jiads sojjked witli a doHiiite (juaiitity of 
oil may he lightly pri^ssed against the sid(‘s of the journal. TIic 
machine is then allowed* to run until the friction and tomjierature 
begin to rise unduly. For some time after starting, the lubricant 
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i'eiii;iii)s ki coiiditioii, tho toiiiponituri; Ijiu'oinos sto.-idy, :iiid the 
fr'u’lion Mudics a iiiininmii', A« soon, however, as tlv; lubricant 
thitdieus, (fr l)ceoiucs ehargcd witli material ^\orn oft’ tht b(*arii1gs, or 
with soaps resulting from iii-? acidity, the friction and temp(Tatnro 
begin to ris<*. ddu' particular oil the smallest (piantity of which will 
k('ej) the bt'aring in go(>d condition, is considered the best to use for 
the particular load and speed of rubbing. 

When tlie lidn'ieants are good and are little afl'ected l)y the atmo 
sphere or tb(' metallic surfaces u])on which tlicy rest, they continue to 
k('ej) the l)ea, rings cool m\icl\ longer than when they arc acid, o\idiz- 
able, or contain light and volatih' constituents. » 

IS'inilh'ii I^)'irtion-Trstini/ Machitic. — Tins machine (lig. 7<S), de- 
signed by I'l'of. Kobt. ll. Smith, is used in the engineering laboratories 
of the University of Birmingham. It somewhat resembles a Tliurston 
machine, the pendulum of which is suspended in a horizontal positioii 
from aboY(' its centre of gravity, thus removing Iron) the journal all the 
pressure due to tl)(' weight of the pendubnu juid its contained parts. 

The testing journal, 1», which can be )nadc of any desired diameter, 
is screwed into the end of the shaft A, driven by the coned judlcys, 
r I’ 1*. The la'jirings, 0 (J, arc pressed upon the journal ]>y means 
of a powei'ful sj)ring, enclosed in tlu‘ barrel 1), the spring being 
compri'ssed and I’cleased by means of the sciw E, the worm-wheel F, 
and the worm .and hand wheel gearing V. flic woight of the barrel, 
spring, bi'arings, (jte., is supported by means of the suspension rod G, 
lever 11, and weight W, the position of the latter being adjusted so 
as to kec}) the lever lloiiting between the stops 1 1. 

Tlic jouriiid friction and tonpie is balanced by the two equal and 
opposite forces exerted by the two ends of a fine whip-cord or fishing 
line j)asscd ovei’ the three small ])ulleys K K 1C, the two ends of 
the coi’d lu'ing attached {it e(]ual distances on cither side of the centre 
of the jour]){il 15. This cord is tightened up by the nut N, through 
the spring balance M, until the lever H llosits freely. The tension 
on tlie cord, registered by M, me{is\ires the frictional moment. 
Tbormoiiuitcrs, T T, register the temperature of the beiirings. 

I’rof. Smith informs ns th.at this macliiiT® measures the friction 


with extreme dclic.acy .and {ujcuracy, and the lover H keeps floating 
so long as the conditions (pressure, temperature, and lubrication) 
rcimiin unchanged. The sumllcst a iriation in /iiiy one coudiuioii 
throws the lever on to one of its stops. The machine gives higher 
coellieacnts of ftfeuion than other metiiods of test have done, due to 
the form and {irrangement of the bnisses. _ ^ 
liCt T = lo{*d on spring balance in pountls. 

r = distance between perpdiidicnlars through centre of 
• journal and point of atUelirncfit of cord. 

p total pressure ^f brasses on journal. 

. ~ radius of journal. ^ ^ 



(10) 
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Marion^' Oil-iputing- Machine. — This niacliine, figs. 70 and 80, 
designed by I’ref. A. Martens- has a general resemblance to rhni*stoii’s, 
but is mo'ljitied in numerous 1 -articulars. 

The hollow slia!'t and testing journal are provided with a water 
spray cooling and a steam heating arrangement, for regulating tlu' 
temperature of the oil-film. The speed of the shaft is kept constant 
by means of a regulator. Three bronze bearings are fixed in the 
head of the pendulum, one on the top of the journal and the other 
two at distances of 120" from centre to centre on either side. The 
journal has an outside diame';er of 100 mm. and a length f»f 70 mm. 
Tlu‘ ]>earings have a width of about 20 mm. ai d Jve ])ressed on to 
the journal by means of a Napoli hydraulic compressor scrcuved into 
the head of the pendulum, the pressure being iiidiciited by means of 
a manometiT. Ijubrica.tion is allected by )iieans of an oil-bath into 
whicli the undiTside of the journal dips. The oil (;an ))e cooled or 
lu'ated l)y circulating water or steam through the double walls of the 
bath. 

A detailed d('S(!ription of this machine and iho method of working 
it will be found in a report by Martens in the Miffcilun(jpn m/s 
den KimigHehen terlnmchen Venwhaanstedien, 1889, hirgiinznngsheft 
V. pp. 12-20, and 1890, Keft i. pp. 1-8. 

^riie machine was also fully described and ill^trated in Engineeiing^ 
13tli July 1891, to the proprietors of which journal we are indebt<‘d 
for the Idocks from which figs. 79 and 80 arc printed. 

hujhmn and Stajder\'f Oil-tesiing Machine, — This tester is furnished 
with two brasses, one above and one below the journal. Kach brass 
covt'rs nearly half the circumference, and is held against tlie jouriud 
by a Nveight and lever. It is run at a speed of from 1500 to 2000 
revolutions ])er minute. Sufficient oil having been put on to pnivent 
the journal from becoming dry, it is run until the teinjauatiire reaches 
200“ K as indicated by a thermometer. The machine is the?) stop})ed 
and the fotal number of revolutions since the commencement of the 
test is read off from the c-ounter. It will be seen that the conditions 
under which the lubricant is tcst(‘d are sucl^ as to merely give the 
effects resulting from its vis(;osity. The maclhixo is shown in fig. 81. 

Axheroffs Oil'tedmj Machine. — This machine is a modified form 
of the Ingham and Stapfer design, but has a different arrangem'Ant of 
levers for varying the pressure on tho^ journal, is fitted with a dial 
arranged to show the frictional resistance, a counter to record the 
revolutions mad!?^by the journal, and a thermonjeter to measure the 
rise of temperature resulting from the heat liberated. 

The journal is of ipither large diameter compared with its length, 
'and against it twf) brasses, each covering nehrly half the circumference, 
are pressed by a system of levers and weights. It is manipulated in 
much the same way as the Inghaip and Stapfer machine, and furnishes 
similar information. Tests for oilincss can only be jiropeily made by 
cutting away the brasses, increasing the loa(fe, and running at slow 
speeds. 
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Stroudln/n (HI-lY'ifini/ Mfirhinf’. --Thin m(ic\nnc was l uili so as to 
nake the L 'liJitions of running closely rjscuible those of a cs riage 
ir locomotive axle. It has only one heiUing, wliich rests the 
evolving axle A, fig. 82. The hearing cLirries the hoam C, which has 
:nifc edges at the ends, upon wliich rest the suspending links and 
^'eights for applying the load. G is a small beam and pan. 

When the journal is in motion the link 1) is depressed, but by 
ilacing weights in the pan of the small balancing lever it is raised 
intil the pointer V indicates that the beam is in its normal position. 
The weights in the pan are then a measare of the frictional resist- 
Liice. H is a sn^ill eccentric and wheel driven by a worm on the 
nain shaft. It keeps the brass continually moving to and fro, side 
)lay. licing necessary to cause the surfaces to remain free from 



Fig. 81. 


;rooves. M is an oil-pad, which keeps the journal constantly 
ubricated, N is a siphoT. 'lubricator, R is a revolution counter, and 
P a thermometer to show the temperature of the journal. 

This I machine, Goodman says, when accurately adjusted, runs 
athci more steadily than Tower’s machine, consequently there is 
css liability to error in taking readings. The lubricating arrangc- 
nents arc easily accessible, and the bottom of the shfJPTis quite open. 
Then again the load is conveniently situated, being quite free from the 
Taming, a very impor^t point, considering that the weights often 
uuount to as much iis 2 cwti. each. But the disadvantage in the 
nachme is that the fnost scrupulous accuracy is required in makirig 
iho weights exactly equal, whilst tlui beam and links must also be 
j.iaotly balanced. The balancing of the weights and beam is effected 
is follows : — • 

After the beam has been machined very accurately, so tha^ the 

•• 23 
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juws iii^o wliich tlic ])rasscs fit arc central witli tlio knife ed^^es on 
wliieli ilie wei^dits Iianjj^, temporary knife ed^e is tVl^ted in the 
et'iitre of, the jaws, and thaheani itself balanced upon it. The links 
to carry the wei;^lits having been hung on and balanced, the knife 
edge is removcfl, and the brass having been fitted iti is i)la<‘XMl on 
a sh(jrt mandril wliicdi it exactly fits. The whole is now placed on a 
smootli level plane, and the beam again balanced by adjusting the 



Fig. 82. 


brass in the jaws until the centre of the mandril is central with the 
knife ed^^es; by^ this means, a practically frictionless vibrating 
( balance is obtained. The weights theiKselves are placed on the links, 
and each pair balanced and marked. ' 

After the machine has been running for some time its balance 
is disturbed, unless the direction of motion has been periodical!/ 
'reversed. This results from the wear being chiefly confined to the 
. ‘off’ side of the brass, a pbint 'to which attention has already been 
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Th'' iiicfjiiality of woar is occr.sioiially very rapi^' uiulta* 
loavy loads,' a few days’ laird i’unniii<( eat sin*^ llie brass to wear O'Ol 
iiieli out of e.jiitn'. Suppose tlie lead to la 1 ton, or 2:i40 11 s., wlucli, 
ivitli ail etpiivaleiit leiij^tli of arm of <2 iiielics, ^dvi's an error of 


0*01 X 22 1 

72 


=0-:i|] He 


( 11 ) 


u the seale pan ; this, with a 7-ineh shaft, oeeoiiies an error of 0-0028 
ill the coellieicnt of frietion, or an error in some instances of as much 
IS 100 per cent. Thus, a very small er or in construction, or any 
lisplacement duetto uneven wear, has a, serious effect upon the 
i-eadinu's, a possibility which should never be lost sight of. 


Tht^ (ioi'ffii’ieiii of friction ia calculated &a follows : — 


Let 


Tlien 


ind 


ff, -radius of journal. 

P= weight on brass. 

V total frictional resislance. 
r=^ length of main beam. 

‘^--leverage of scale, beam. 

X 

tv ^ weight in .sc,ah‘ ]»an. 

X XTq 

_F_Wry 

'‘''.r'lVr/ • 


(13) 

(14) 


iii'auchani}) Tnwor'ti /irperimrnial Tedbuj MaMip.. — W'ith this 
inachiiu', a series of exiieriments was made on the frietion of journals 
!>y a Committee of the Institution of Mechanical ICnginoors.* I>y 
using j)ad and bath lubrication, and running the journals at moder- 
itely-fpuck sjieeds, results were obtained whieli were closely in 
igreement with each other, and which demonstrated that under 
3om(‘ conditions of running the friction of a journal is extremely 
juiall, and is iudopcudcrit^of the nature of the contact surfaces. A 
theoretical examination by.Osbornc Reynolds of the results obtained 
diowed that the friction wais wholly due to the viscous properties 
)f die lubi'icant, and independent of the nature of th(‘ surfaces and 
)f the oi!iness or greasiness of the lubricant. 

As the viscosity of a lubricant can be more satisfactorily determined 
ay till' use of a properly-constructed viscometer, and the conditions 
)btaining et high speeds do not give any information concerning the 
liliuess of the liipiid used, nothing in the nature of a test of the 
pialify of oiliness can be made with Tower’s miiebine, unless the 
5onditions of speed and load b^ such that the oil pressure -film does 
Hit fmni, Mowiivcr, as the results obtained with this machine 
mablcd the true theory of ‘perfect’ lujirication to be worked out, a 
Rrtcription of it will not be out of place. 
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' Upor’ the rotatinj^ jounuil A, fij^. 88, rests a brass bearing B, held 
in a frame (-1. A knife ed|iV, secured to this frame (‘xaeLly ])Gneatli 
its centre, snj)i)urts tin’ weights W by means of wliich the load is 
applied. The turning moibent, resuiting from the friction of the 
journal and brass, is balanced by means of weights placed in the 
scale pan slung from the liglit iron frame D. A pointer, E, and 
graduated scale, indicate when the frame is in its u(g’inal position. 



Fig. 83. 


The bottom of the journal is kept well Inlj^mted by the oil-bath II 
into which it dii)S. 

When working with a weight w in the scale pan, the coefticient of friction 
is obtained as follows 

?r„=)cr .•.F='"? (15) 

1 E m /,«v 

“‘1 

When working with a pointer E and no scale pan, and nieasnring the 
angle 6, the centre, of gravity of the weight being disjtlaced a distamie on 
^itlle^ side of the centre of the journal, \V P, 

Vr„=.Wr> .... (17) 

and 

^ '*0 

Chofhnm's Friciion-Tfstimj Machine.— Tha earlier form of this 
machine (tigs. 81 and 85) is a modification of Unit used by Tower, 
the correctness of whose experimental work has been amply confirmed 
by its use. A number of the experimental results obtained with it , 
liavc alr(‘ady bi;en given. It is thus deseri^pd by Goodman ; — 

A is the jonrmtl on which the frictional resistance of the brass B is 
mcaHured. The latter is tightly fittcfl into the east-iron stirrup C, 
from which the weights are suspended by the link D, which rests on 
tlnv knife -edge E, The oil-baUi, E, is filled with oil, iiito which the 
bottom of the journal dips. A lubricator, G, is provided /or siphdn 
oxp(^?-imcnts. The temperature of the journal can he kept fairly 
constant by using^^Uie circulating water-pipe H, the waste from 
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wliioli is .onmud Jivvay Ly iho pipe .1. TIic sliaft is drivci by the 
Uitho cliufh K, oho revolutions of whiol) j^"c rcf^istercd 1)y the counter 

L. Idle teu'pej'atiire of the brass is rejjistored by the tlu-rinoiiicter 

M. ddic arm 0 carries the scale pan which is sus])eii(led from 
the kiiilc edjjje S, the whole of which is counterbalanced by the 
weijjjht N. The pointer P, the lon^ arm of wliich is balanced by the 
small weight It, indicates when the arm 0 is horiy,«»ntal. 




• d) 


Fio. 84. 


An improved form of this m}f:chine, described by (hiodman in Kng. 
Iditent No. 32205 of 1895, is illustrated in longitudinal section 
lU lig. 8(). The weighj; is suspended from the sti^ftiip by means of 
n parallel motion device, which permits the stirriqi and the bearing 
fixed in it to tilt or roTatc through a small angle without altering the 
fienlral direction or jmll of* the load. The weight is applied by 
me;' us of levers, anfl the friction is measured by moans of a floating 
^ steelyard attached to the stirrup. ^ 

" lleferring to the figure, A is Jhc test-bearing and B the axle upon 
which it rests. C is thd stirrup and D the floating steelyard. E 
and F arc a pair of eounccting links of equal length, suspeiidei? from 
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tlu! stir'Uj) ])v iiie:uis of llit* kiiifo cdiics .and 11 respectively, 
whicli nre lilted in the sid|‘J^ of the stirruj) (I The lovfer ends of 
tlie liniis K ;uid V canv silspeiided from them l)y mei ns of knife- 
ed^'es I iiiid .1, the eross-hiir K. Midway hetweeii the knile edj.!,'es J 
;i,nd .1, tiu' cross l»iiv‘K is ])roYided with ii knife ed^‘e fulcrum h, from 
which is suspended the central connecting link ^\. The lower mid 
of tlu' link M is connected hy a knife edge N with the levt'r 0 ol a 
compound oi’ otlier le\er iirriingement. 

It will he evident that owing to the jiarallel motion ilevice formed 



by the stirrup ('lJ\:rosshcad or cross-bar K, and links K and F, the 
pull of. the link M is transmitted through the centre of the axle B 
parallei to the link^ \\ F, and M, whether tHe lloating steelyard 1) 
be in a horizoiitiil position or lie tilted ttirongh !i siiuill angh? by tlie 
frietion betw’eon the liearing and axle. 

'Th(‘ kinfo edge 11 is prolongefl at one side, so as to be litted with 
a lever W The outer end of the lever V is provided with a hold' 
through which ]>asses the tiorewed r<jd the rod Q being hinged 
at U th the stirrup Two nuts, one on each side of the lever P, 
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fitU'd on ,tl»e rod (^), hold the lever ? firmly in j)osition. If the 
boiiring ed^-/. of the knife edge H is not - exactly the same distance 
from the eertie of the axle B or hearing A as the knife edge (1, then 
hy slackening one of the said nnts and tightening np the other, the 
knife edge H is tilted in one direction or the other, so as to move 
the l)earing edge of the same nearer to or farther away from the 
centi-e of Hk- axle B or bearing A, as may be required to make the 
said distances exactly equal. 

AVith this machine, (loodman has carried (>nt an extended series 
of tests of antifriction metals, ball bearings, and roller hearings. 



'The Rkhh' U.S, ‘ Stai^dard ’ Madam for Tedimj Oik and Hear- 
ii([f Metals. — This machine, fig. <S7, is a modification of (Jowl- 
man’s, and is made ))y his (courtesy. It can be used to test 
eitln'i* the wearing (jualities of ditl’erent bearing metals, or the 
lubricating properties of varioiss oils. The load on the bearing is 
ap])liod by means of a turnbnekle connection between the lieani and 
low<‘r lever, and is weighed on the beam by a la go poise. The 
friction ill pounds on tlie periphery of the journal is indicated by a 
poise on the ujiper or friction beam, reading b;)^ increments of one 
pound. The journal of tlte machine is mounted on four large 
rolh'rs, which rcdnlA the filction and prevent heating, which wmild 
afiect the results of temperature tei^s. Ball thrust collar bearings 
prevent side motion of the journal, a,nd take any thrust in this 
direction which would catise friction. 

The bearing to be tested fits in a cap to which the yoke fi^me is 





Fig. 87. — ^^Riehle T'*' 
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jiUachcd,; this yoke frame is fitted with two knife edjjjcs (;< iiiciistant 
from the^ieiitre of the shaft; two clcvis^s join these knife edges with 
similar kn'fe (‘dges in the cquidistam lever below, <’n)m which 

connection is made to the iiitermcdiate lever and the h^ad beam. 

The yoke frame is thus perfee.tly free to rotate about the journal, 
and any tendency to do so will show on the friction be:im. Tbe 
machine is arratiged to allow the pulley to drive it in either direidiou. 
The (bS. standard ‘test bearing’ of nine scpiare inches j)rojected 
area is used. The oil may be supplied from a sigbl-feed oil cup, 

which can be regulated ; in which case *t is dropped on tbe journal 

in front of the t^ist bearing, distributes itself along tbe edge of it, 
and is carried underneath the journal ; or a pad may be used, which 
is saturated with oil and placed in a drawer beneath the journal. 

This machine is made by the Kiehle Hros. Testing Maehiiu' t’o., 
of Philadelphia, 1*a., from whose pamjdilet the above description and 
illustration arc taken. 

Kin(jnJ)urij’ii Oi/ -i rating Marhine. — Prof. A. Kingsbuj'y has 
described^ a machine and methods of testing oils designed with 
s])ecial reference to the conditions under which the ctlecls due to 
oiliness or ‘body,’ on the one hand, and viscosity on tlie other 
hand, may Ixi investigated independently. The apparatus used is 
also serviceable for tests under any intermediate condition. The 
following description is taken, by permission, from Kingsbury’s pa])er. 

k’ig, shows the general appearance of the b'stiiig machine, for 
the frame and driving parts of ANinch a 14-inch drilling mtichino was 
utilized. Tlu' test journal has its axis vertical ; it is suspeiid('d from 
the spindle by means of a flexible coupling and I'uns between two 
opposed bearings in a cylindrical cup or case, which may be filled 
with the oil to be tested if a ‘bath’ is desired. The load on the 
b(*arings is provided by means of a helical spring of 900 pounds 
capacity, with screw' adjustment and with a device for (piick 
application or removal of the load without disturbing the adjustment. 
This spring is enclose^ in a horizontal tube attached to the side of 
the oil ease. The cup has a cover with a small hole for the insertion 
of a thermometer. 

The cup and attached parts are home on a hollow' vertical spindle, 
1;.] inches in diameter, turning freely in a sleeve su])ported from the 
frame of the machine ; the spindle extends about two feet below the 
sleeve, and is sus])ended from a fixed bracket by a tempered steel wire 
])assing through the, spindle to its lower end. **ln testing, these 
puspended parts turn {reely to a position where the torsion of the 
suspension wire balances the friction at the teift journal, and the 
angle of. torsion, which imvy be as great as ‘dTO**, is read from a 
gra-hiated disc. The suspended parts being counterbalanced, tirere 
’s no aj)pre(;iable pressure of the s»pindle against its sleeve; and 
when the oil in this bearing Incomes evenly distributed, there is no 
error from friction, as has been amply proven by tests w^th an 
^ Trana. Amr, <S'ec. Jilech. JEny,, vol. xxiv,.(1903), 143. 
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l^vor,’ ms woll as bv ilu‘ uiiifonnity of the result^ in use. 
At the same time, the viselfsity of llu* oil ser\es (be [im'posc of 
(lampiiii^ tl^e oscillations which arise from variations sjieed or 
frietimi at tlie lest journal. This mode of suspension jiives larj^e 



• % \ 

indicatioiis for very small frietioi^ at the test journal, while a helical 
sprin^^ [ilaeed on the extension of tl^e spindle is added for test^ 
-involviy^^ ^nvat friction. * 

Thercuj) and test joyrnal contained in it may be heated as desired 
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by li Ibgison Ihime. Tiio ivvolulioiis oj tho journnl arc iiuiicatcd by 
a coiintini; device, not shown in the iimwe. 

I’or test* *inv()lvin^^ ])erri’ct lid)ne;,' ion (friction due U' viscosity 
only), tile test journal used is 1 ji inches diameter, ot tool steel, 
hanh'ned, ground, . nd polished. The brasses are si'ctors cut from 
a. rin^" tinished in the lathe, each havin^^ an arc of about 1 1^0” 
and a leiiuth of '2 inches. These brasses are fitted with some care, 
so tliat \^hell jicrfcctly clean they may be made to adlu'iH' to tin; 
journal after tin' manner of well-titted ‘ surface jilates.^ In making;' 
tests, care is taken to jirevent wear oS these parts, which are list'd 
only under such^loiuis that the oil him I'hects complete st'paration 
of the surfaces and entirely [irevents wear ; tin' load is always relievt'd 
before startin^^ or stoppinuj the journal ; and, linally, a friction device 
in the drivin<^ coupling safej^uards the journal from motion a^^abist 
excessivi' friction. Tln'se precautions a<.^ainst wear are necessary to 
ensure the constancy of results. 

l^kir tests for compai'ing oils wdth resiiect to ‘body ' or oiliiiess, the 
best results have lieen obtained by the use of a hardened and 
polished steel journal j inch in diameter, runnini^^ between two brass 
b('urin^^s about 1 inch lon< 4 : on this small journal pressuri's up to 
SOOO lbs. per sijuare inch may be rpplied, if necessary. Tin' sain[)les 
of oil to be com|)arcd art' contained in small brass cups phuicd inside 
the case and surroiindinj^ the test journal, cai'h cup haviiij>; a wire 
for transferring oil to the journal ; the ease, sainphis, and journal 
are heated together to any desired temperature. 

In testing for ‘body’ tin* oils are compared in pairs, being applierl 
alternately^ at the upper end of the bearing, one being a])])li('d until 
the fl'ictioii becomes constant or nearly so ; the otln;r is then apjiliefl 
until it displaces the hrst and the friction again becomes constant 
at the new value ; this jirocess is rei»eated several times. ’J'he oil 
giving the less friction is assumed to have the greater body. In 
this way, the order of the body values of si.\ .samples of oils of the same 
class may generally li^ determined for any given temperature in 
an hour or less ; the friction indications rapidly follow’ the changes 
of tin* oils and are generally ipiite lionsisUait. When the oils to be 
compared are of deferent classes (as mineral oils with li\ed oils), 
the tii1?t friction indications on changing oils are frcjpu'ntly mislead- 
ing, and a longer time is re<piiit*d to ensure certainty of results. 

The sjieeds for the ‘body’ tests are made rather low and pressures 
not unnecessarily hig[i, in order to avoid heatinjf and w’car of the 
journal, since it is essential for comjiarative purfiosi's that the 
surfaces .should be in the same condition for lioth samjdes conijiared 
— a re([uisite which, above all others, led to the develojiment of this 
method of testing.* Again, the actual temperature of the oil at Ihe 
test surfaces is shown more nearly iiy the thermometer if but little 
ileating by friction be periui^ed. The order of ‘body’ values, as 
determined by this metJuxl, has been found not to vary wifh the 
speed or the pre.ssure within a considerable fangc. A speed of 50 
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to 100 lY volutions (3 to 6 foot) por luiiiuO', with suHioieiit prossiirc 
to iiiiiko the coethcieiit of fi‘i(Stioii only as prosit us O'Ol to 0^'03, have 
bc'on found; most satisfactory ; tlie ])r(;ssures l)ein;jj fi‘om‘r>00 to 5000 
Ihs. per H(piare inch, according' to the cliaracti'r of the oils. 

In the tests made with this machine under comlitions (d’ ‘p(‘rfeot’ 
lubrication it was huind that the surfaces wctc so perfectly sepanited 
by the oil-film that the coefficients of friction wert' extremely small, 
tlie minimum (au'tlieient for all oils bein},( found to be, aj)])ro\imat(‘ly, 
O’OOOf). ^riie results obtahuid by dillereiit expcaamenters ai^reed 
remarkably wadi, and were f*und to apju’oximately vei'ify lleynolds’ 
deduc-tion from Oeauchamp Towers expc'rimenk, that tlie friction 
under conditions of perfect lubrication is projiortional to the viscosity 
of the oil and varit's, approximately, as the s(piar(‘ root of the speed. 

The ‘ body ’ or oiliness tests made with this machine are the most 
useful from a practical point of view, and they sup])orl tin' established 
fact that the mineral oils as a class have much less body than the 
animal and vegetable oils of similar or nearly the sanu' viscosity. 
When, however, the diflereuce in viscosity was great, as foi’ instance 
between mineral (;ylinder oil and lard oil, the mineriil oil was tbund 
to jiosscss the greater body. As showing the relation between viscosity 
and ‘body,’ it is interesting to note that four cylinder oils were 
found to })oss('ss body in the same order as viscosity. Sample's of 
castor, lard, olive and sperm oils also rangeil themselves by the 
body test in the same order as that of their viscosities. 

Thr Lahmcyer Oil-hjslin^' Machine. -This machine, shown in fig. 
.S{), consists of a short length of shaft running in a ring-lubricated 
bearing, and carrying a heavy fly-wheel at each end. The shaft is 
provided with a pin-coupling, so that the motive power (either 
electrical, mechanical, or hand) can be uncoupled at any moment 
whih; running. The apjiaratus is supplied in four types, viz.— (ni) 
electrically driven ; (/>) mechanically driven ; (c) for hand })OW'er ; and 
(d) for laboratoj'y purposes. The last is provided with fly-wheels for 
diflerent bearing pressures, and an exact arraj^gement for measui’ing 
speed. , 

The method of testing is as follows : — • 

The bearing is supplied with the oil to bo tested, the motor is 
started, and tlic fly-wheel shaft is run at full speed fora certain time. 
The motor is then uncoupled, and theVime n »U‘d which the apparatus 
takes in coming to rest. 

This machine JRiefly measures effects dui' ^to viscosity, and it is 
only diu’ing the last few' revolutions, when thp speed is very hnv, tiiat 
effects due to ‘oilinCss’ will show themselves. 

Disc and Collar Machines- -ASVtiYa/nVf/// of, for Oil 7Vs/!/?o/.— Thp 
wedging action of the lubricant, resulting from tlie different radii oi 
the surhices of cylindrical jourmds and the brasses which rest upon 
them, does not affect the lubrication <,*f collar or disc-shaped surfaces 
to any very groat extent. On this account, the loads which such flat 
bearings will carry ajy about ono-eightli part of those which may 




Fig. 89 . 

MacNau^ht's Machine. — Tliis, which is one of the earliest 

fovnit? of disc oil-testers, is shown in 90. A vertical spindle A, 
driven by a pulley 1), carrict on its upper end a circular plate E. 
Upon this plate rests a disc F, a projecting stud, a, on which, when 
the disc is rotated the friction between it and the rotating plate 
below, presses against a pin fixed on an arm attached at right angles 
to the weighted lover (1 H. (This arm is not >sliOwn in the figure.) 
A few drops of oil haAdng*been placed between the plate and disc, 
and the apparati^t^ set in motion, the luljustable weight J is moved 
until a condition of cipiilibrium is established. 

• Woodhwn/s OH-festiny MacMne . — This machine is an improvement 
on that of MacNaught! The lower disc is fixed to the upper end 
of a vertical shaft to which the driving pulley' is secured. IMe upper 



3G6 


LITBHICATION AND LUHUIOANTS. 


bcnriii^ s.urface is jn' annular riiijj; placed soinev\ hat eccentrically with 
the disc below, to secure* uniform wear. The rin*^^ is hollow, is divided 
by a vertiojiJ ])artitioii into twf» ])assaj^es throuf^h which > water can 
be pass(‘d to continl the lem])(*rature, and the side's and top are 
siirrejimde'd by a hoejel of hard indiariih])er packe'el with e'ider-eleewui. 
The loiel is appHe'fl by weij^hts plae*eel beneath the table a, ml slun<( 
from a eiross bar rejstin^’ upem a ve'rf,ie-al spinelle, the thrust e)f wdiich is 
tra.nsmitted tee hmr jxtmts on tlie upper rin;^ by a e'ross sliape-d h'ver 
and e;entral ba[I-and-socke.'t jeant. The bearings which carry the 
u[)])er shaft e;an be rotateel iiiKiinerent directions by nmans of pulleys. 



Fie;. 90. 


so as to rediu'e the frictional resistaiic.es. This akVran^ement allow's 
the annula.r rinp; to reitate freely through several deixreos a.nel actuate 
a spring elynamnmeter w'hich shows '^ihe frictieauil resistances, the 
erross-beam, weights, etc., being free to move with it. The lubricant 
under trial is cone^iicted, ley a sight-hu'd arrangement, through the 
eoiitral eipening in the ujiper ring to a recess in the centre of the 
lower disc. A counUu’ indicates tlie number of revolutions made in 
any given time, and a thermometer show's the rise of temperature. 

oni/ i\apo/i’fi Ma('hino. -This machine, wdiich is’^ 

shown in fig. ill, resembles WootJbury's machine in sonu' respi'cts. 
The load, w hich is a])plied by a lever and weight, forces three inclined 
bron/e blocks, each having a surface of 10 s^piare contiinetres, into 
C(Uitact "with a rotating disc below. The turning moment is measured 
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by iiieai^s of a peiululuiri, actuated by a steel baui (*oui)ect>;(l to the 
disc carl’} iiig the friction biochs S S S. ^\ii automatic iveoi’d is drawn 
upon a shc 4 'iK)f jmper strcteheil upon a small trolly set ii) inotion by 
a pendulum, the , encil beinj: fixed to a travellini^ arm. 

Tower' ii Dine <(vd Co/Uir Oll-feathuj Marhinva. — besides the 
machine for mcasnrinji: the friction of journals, ta\o other machines 
were desie:nud and cxpeiimented with )»y llcauchamp Tower. Om^ 
was for mc'asurin^’ disin and the other collar -friction. 



/IG. 91. 

The apparatus used for measuring the friction s^ff lubricated discs 
is shown in figs. 1)2 aiiA 1 16 (p. 421). The vertical shaft carrying th(‘ 
footstep gears into a f?orizonlal shaft, the driving ])ulley on whi(;h 
can be changed to give thft required spec'ds. A hanl ste(‘l c,entre, 
secured to the botUan of the bearing B, rests iqxMi a jilunger fitting 
the cylinder I’, wliilst the vertical dt;|ving shaft is fitted at its upper 
end with a piston T of the same diameter as that of the cylinder B. 
By varying the jircssure bf the oil, wdiich issiqiplied liya hand-pump 
with air vessel, the pressure upon the ram can be varied mV as to 
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^ivt! !iiiy|f]i;sirefl l(»vV(l upon the contact surfa(5CH. Two radial, grooves 
in llic Bearing, shown on a* larger scale in fig. 110, pass from the 
tMMilro of yi(' In'aring face to within a short distance ofjts circum- 
ference, and the motion causes the lubricant to flow out at its 




poriphery into the annular space surrounding B, from winch it 
pjisses tbrough the s[)()ut, drops into the pipe, and again enters the 
bearing. A pulley L, actuating a spring, shows the frictional 
I'esistancc of the surfaces. 


The machine shown in fig. 93 was designed to measure the friction 
of a collar. The weight was applied by a delicately adjusted spring 
S, one end i>f which abutted against tFie front disc L), whilst the other 
end pressed against a nut N on a central bolt B connected with the 
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disc C. two discs rotating together, ^ and [)ri .ftiiig on t.'ie steel 
’ring II, tended by friction to carry it with them, but were prevented 
from doing by ji horizontal lever at; ehed to the ring, friction 
betwc'en the ring aiid discs being measured l)y a spring-balance 
atbiebcd to the end 'f the lever. Tbc metluKls oi’ l ibrication used, 
and the conditions imder which 
the experiments with this machine 
were made, were not such as met jmljjl 

with genei’al approval, it being vN M * 

considered that thf inforuuition in 

gained by its us^e was not so l,y| 

complete as the machine was I'M 

calculated to furnish. i l|| 

Blahh OiUesting Marhm \^ — I 11 

This a])paratus (ionsists of a 
vortic:il shaft driven by suitable' j|| 

mechanism, having a conic;iI or il 

hemispherical cu}) on its U 2 )per p |l 

end. Into this cup is accurately jj ,[|| 

fitted a conical or hemispherical f |l'| 

plug wliich will easily revolve in I llll 

the cup, cai’rying a vcrtic;il spindle I 'll 

or slcift to which are fitU'd one I 111 

or more horizontal arms to which jli' |H| 

vanes are attmdied. IVessure can • I n i 

be apj)lied to the plug by means I'i ni 

of a weighted lever. Separate I 111 

counters giv(* the number of j 

revolutions of the cup and plug jw||^ 

respectively. The lubricant to ii' 

be tested is placed in the cup, I 'R' '||H 

and after the plug has been in- I ;;Rt JIH 

serted, the former is c^'^ised to I' 

rotate rapidly for a dcfinite.lcngth i lil |K l R 

of time. The number cf revolu- J/ 

tions made by the cvjj) and ])lug 
having bt en read off and recorded, 

the former is cleaned and anothe. inchf h 

or standard lubricant is similarly 94 

tested. The lubricant which best ^ 

reduces the friction between the cup and the plug will cause the 

latter to make the smallest number of revolutions. • 

Bnilef/s Pendulum Oil-fAtimj Machine . — This apparatus was 
designed for testing# such oils as arc used for watches, olo(;kH, and 
other small machines. The small braj^ disc linked to the jamdulum 
(fig'. 94) rests upon a horizontal pjate. When the pendulum is set in 
motion, the friction of the disc slowly brings it to rest., the friction of 
» Eng. Pat. 25492 of 1902. . 
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the riihCing surfaces ])eiiig 'estimated from the time re(|ui»Td to d 
this. 

Frictiofi of Screws. — The friction of screws has' heen expor 
mentally investigatc/l by Kingsbury^ under the conditions of ver 
slow motion, free hd)rication, and pressures varying from 7cro t 
14,000 j)Ounds ])er square inch of i)oaring surface. 4'he nuudiin 
us(!fl was specially designed for the purj)ose. The tests were mad 
up(a) a set of s<]uare-threaded screw's and nuts of the followdiij 
dimensions : — 


OutsKh' diameter of scri w', 
Inside diameter of mit, . 
^Meaii diameter’ of thread, 
Pilch of t hread, 

Depth of nut, . 


1‘42G inch 
D'’7() „ 
v:ir)2 „ 

1 

1 „ (eilectivi') 


'I’he nuts tilted the screws very loosely, so that all friction wa; 
exclud(‘d, excejit that on the faces of the threads directly supiuirtinji 
the load. The screws and nuts wen flooded witli the oil when placec 
in the machine, which was operat(‘d by hand gearing, the screw bein^ 
driven at a very slow rat(‘ (not more than one revolution in tw( 
minutes) until the ])ressure wais raised to the desired amount, tin 
friction being measured by the swinging out of a pendulum whicl 
carried the nut and ^lutomatically recorded on a revolving drum 
The results obtained are set out in Tables X(dr to Xl'T.i, taken fron 
the author's paper. 


TaUUE XCIf.— MkAN COKKFICIKNTS FOR HkAVY (MiNERAI ) 
Machinery Oil (Sj). gr. ()-912). ’ 

(Actually read at 10, OOP lbs. ])rcRsiir(; }>er square inch. Each figure is the 
average for eight cards.) 


Screws 


NutB. 


— 

— 


__ 



G 

7 

8 

9 


Mild 

Wrought 

rust 

Cast 


Steel. 

Iron. 

Iron. 

RrasB 




■ 

— 

- — 

1 . M ild steel, .... 

"mi 

■k; 

•136 

•136 

2. Wrought iron .... 

3. Cast iron, .... 

•139 

•14 

•138 

*147 

•129 

•139 

•119 

•171 

4, Ca.st bronze, 

•124 1 

•135 

•172 

•132 

5. Mild .steel, I’asc hardened, 

•133 

•M3 

•13 

•193 


Mean of all, 0T42(). 

Highest for a single card (screw 5, nut 9), . . . 0*20. 

Lowest „ „ (screw 3, iiut ft),* . . . 0*]]. 


^ TvidtH. Soc. M('ch. Kn(j.^ vel. xvii, (189G), p. 96. 
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XCL;.— Mean f'oEEFiciKXTs for Lard Oil. 

(A(;fii;i]]y road at r .OOO llts. ])ro>siin' per wjiiaro inoli. Kaali iignro is tlio 
avL*i‘ag(‘ for four cards.) • 


Screws. 


Nuts 



0 

■ 

7 

K 

!l 


.MiLl 

Wrought 

Ciist 

Cast 


Steel. 

Iron. 

Iron. 

Riass 

- -• 


— 


— 

1. Mild stool, . . . 

■12 

. -105 

■10 

•11 

2. \Vroii[,dit iron,. 

•1125 

•1075 

•10 

■12 

d Oasl iron, .... 

•10 

•10 

1 * 0 f )5 

•11 

4. Oast hron/o, .... 

•1150 

•10 

! ‘11 

•1325 

5, Mild stool, case -liardo nisi, . ; 

1 

•1175 

•0075 

I -105 

1 

•1375 


Moan of all, OiOJtS. 

Hi^diOf'l lor a Miiglo card (screw t, out D), . . . 

iiowesi „ „ (sc.rew 3 , iiul. 8 ), . . . O’Oil. 


Taui.e XOIii.— Mean Ooefftoiwts for lIuAVi jMACiiiNHnY Oil 

AND OuMTHTE. 

(Aciaiallv road al 10,000 Ib.s. juvssuro per s<|uare inch. Each tigun' 
IS the a\erao<‘ for four cards.) 


scro\^8. 


Nuts. 


• 

(i 1 

7 ' 

s 

I n 


.Mild 

M'rought 

('list 

f'-IRl. 


■Skcl. 

Iron, j 
. 1 

Iron. 

Rra,ss. 

]. Mill? steel, 

•Ill i 

1 

•0075 ! 

•005 

; -04 

2. ^v^•o^^dlt iron . 

•080 i 

•07 ! 

•075 

' -055 

3. ( )a.st iron, . . . . ! 

•1075 

071 : 

■105 

•050 

1. Oast hroii/.e, . . . . ; 

•071 

•015 k 

•Oil 

•030 

5. Mild steel, case-liarditnod, 

•1275 

•055 1 

•07 

; 035 

• • 

• 

Mean of all, 0*07. 

« 

_____ i 



Mi^fhest for a single card (screw 5, 

n»t fi). 



015. 

' Lowi'sl „ „ (screw 5, 

nut 0), 



0-03. 
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TAiiM* X(3l.— J^EAN 0OE#FlCIEN'^-'S FOR HkaVY MACHINERY OlL. 

(Actually roatl at 3(XK) 11)8. prcHSurc per square incli. E/kai figure 
is the average for four cards.) 


Screws j Nuts. 


« _ 

6 

Mild 

Steol. 

7 

Wrought 

Iron. 

8 

Oust 

Iron. 

9 

Cast 

Brass. 

1 . Mild steel, .... 

•147 

•150 

•132 

•127 

2. Wrought iron, .... 

•If) 

•16 

■15 

•117 

3. Ca>!l iron, 

4. bronze, .... 

•15 

•157 

■14 

•12 

•127 

•13 

•13 

; -11 

T). ]\lild siecl, case-hardened, 

•155 

i 

•1775 

•1675 

! -1325 

Mean of all, 0-1433. 

Highest foi* a single card (screw f), nut 7), 


0-19. 

liowest „ „ (sca-ew 2, nut 9), 



o-ii. 


Kiiigsliury eoiicludes from his experiments that for metallic 
screws in good condition, turning at extremely slow speinls, under 
any pressuri' up to 14,000 lbs. per square inch of bearing surface, 
and fri’cly lubricated b^re application of pressure, the following 
c-oellicients of friction nuiy be used : — 


Taiu-e XCIj.— Coefficients of Friction. 


liUbrieaut. j 

Minimum. 

Maximum 

Mean. 

bard oil, 

•09 

•25 

•11 

Heavy (iiiiiieral) machinery oil, 

Heavy machinery oil and graphite in 

•lit 

■19 

•143 

equal volumea, 

•03 • 

•15 

•07 


Kingsbury does not consider that^'thc tests prove that any one of 
the metals used develops less friction than any of the others, under 
the methods of'ucsting cmjiioyed, although such results might bo 
inferred from Tabh' for instance, in which the coelhcients 

foi’ the brass nut .‘ve uniformly lower than for any of the oth»'ns. Nor 
does he believe thai the method of testing employed is the best 
possible ; a number of cast-iron nuts and screws tested by themselves, 
and a number of steel nuts a^ul screws similarly tested, might give 
results showing less variation than is evident in the records given 
above, and hence more definitely comparable with each other. 



(JHAPTEll X. 

THK DESIGN AND LUBRICATION OF HEARINGS AND OTHER FRICTION 

surfa(;es. 

Forms and Functions of Friction Surfaces.— liriirinjjjs .iro Wic 
surface's of contact Ijctwccii tlic inovinjjf parts aufl the frame of a 
machine, or of one niovin<;’ part and another. They ^iiide the motions 
of the j)i('ces they carry, and their shapes depend on the natiirei of 
the motions reepiired. When, for instance!, the pie'ce is I’cejiiiivd te) 
me)ve in a straight Inie, the ])earing must he either [)]anc eu’ cylin- 
drical, with tlie axis in the line of motion. On the other hand, 
rotating pieces must have surfaces accurately turm'd te) ligureis of 
reve)lutie)n. 

The parts ejf moving j)ieces whjch are in e!e>ntae*t with the bearings 
may he classified as slides, gudgee)n.s, journals, bushes, pivots, and 
screws. We also have to deal witli ‘line!’ ce)ntae*t surfaces vhicli, if 
they do ne)t act as guide's, yet have tange'ntial motie)n. 

Owing to the weight of the moving pjirts, or the stresses the 
machine has to transmit, the bearing surfaces are ]>resseel te)getfmr 
with considerable force. (Vmseejuently, imt emly must the moving 
parts and the franic of tlie machine l>e strong enough to bear the 
stresses te) which they may be subjected, but the* contact areas must 
be suliicieiitly large te)* prevent overheating and undue \\ear. Te) 
secure the I'erpiired a^’ea of bearing, the rubbing surfaces are fre- 
epiently made very long and narrow, whilst in e)tlier instances theiy 
are s(p%are, e)r approximately circular, 

Materials used for Bearings and Friction Surfaces.— 

of using Suitable Although it is true that, in tlie 

maje)rity of instances, the selection of a suitable lubi'icant, and its 
proper method of ajfplication to the surface.s, arc of ])arame)unt 
imporbmee, it very freqftcntly happens that the ce^iditie)ns e)f weirking 
are such mat particular aitfutiejii must be paid te) tlu' nature of the 
surfaces wliich a^jj tc work in contact, (jtherwise raj)iel wear \till 
take place. Such wear may result^ from the' fiict either that the 
rubbing surfaces are expe)sed to the atmosphere anel become elirty 
and griti^y, or that the bearing surfaeie is merely a line', or that the 
' motion is too slow or too fast and the load heavy. • 
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I 

The ])^)ssil)ility iiiaiiitaiiiiii;: a iiiaoirnK* in ^ood condition without 
the frc(jucnt renewal of ])arili, dqiUMls larj^clv npon tiic care whicli 
has ]j(;en {'xercihcd in dt‘si;j;)iing it so as to secure the conditions 
und('r wiiicli jK'rfeci iuhrication is ol>ta,ine<]. When tlie conditions 
are such that [lorIVct Iuhrication is im[)ossihle, care nnist ])e tahen 
to make the rulihin^ surfaces of as rturaide a material as possible. 
To ell'ect these objects under the di\erse imnditions of e\er}’day 
practice, a lar;:,e numher of d<‘\ices liav(‘ lu'cn introduced, a. few of 
tlu' princiiial of which we [lurpose descrihiiii;. 

l)t'for(‘ tlu' introduction of inineraJ oils for luhricatin^j purjioscs, 
the necessity of# pay msj:; consUerahle attention to the nature of the 
contact surfaces was not so i;’reat as now^, for,'as»hoth animal and 
vef^odahh' lubricants remain fairly viscous when heated, and possi'ss 
the projierty of oihness or ;^n‘asiiu‘ss very markedly, metallic surfaces, 
scjiarated hy fatty oils, unless suhji'cted to cMVssive loads, sc'ldom 
injure eaclt other seriously. On the other liand, since the introduc- 
tion of till' less ‘(uly ’ miiK'ral oils, it has heen found more and moie 
lu'cessary to usi' the so-calhsl ‘antifrietion metaK ' as ht'arinu' siii faces. 
Indeed, a stud)’ of the eiVects jinuluced by varym;:; the nature of the 
metallic or other surfaia's in contact has, of late years, been foiced 
upon the eiie’inei'r by the conditions of running; and tlu' nature of 
the lubricants available, with tin* result that ^’reati'r attention is 
now paid to this point in machine design. Of course, the advaii 1 .i,;;t's 
gained by iiiakinj^ the bearin;j; surfaces of dill'en'iil matei’ials were 
r( '('(>;; 11 i/A'd at a very early date : but brasses and bron/es of various 
kinds, workiii}; a,i::amst irffti or stcef, jiroved ipiite siiHicient, as a rule, 
to prevent seizin^’ and heat in, n. 

As, when two clean surfaces W'ork against each other, the so ‘‘ter of 
tlu' tw'o (providing they <lo not seize) wea.rs much mori' rapidly than 
the harder one, it is well to make tha.t surface which is most easily 
and cheaply ri'jilaced of the softest material, 'khe rubbing surfaces 
of a In-aring are, on this account, removable pieces (stejis or bushes), 
which are easily rejilaced by new ones. 

Indeed it is not too mucli to say that the* introduction of mineral 
oils, and the H!Cognition of tlu* true part played by viscosity in lubri- 
cation, have necessitated great alterations in the principles of design 
so far as the contact surfaces of machines are concerned ; ffM-pnineral 
oils, although stable even when headed, and giving excellent results 
on properly desigiu'd bearings, are generally deli(*ient in the pow'or 
of maintaining li^l^ricating films between bearing surfaces wIk'd the 
speeds are low", or when the faces are pressvd together by lieavy 
loads. ' 

In many instances, the conditions of .)vork are such tb. ! etheient 
lubrication is impossible. For instance, ])arts of sewing machines 
and of watch and clock meclianism, knitting inachines, and mMiy 
other contrivances, such as macnine gun mechanism, have to depend 
V('rv largely for their durability upm the hardness of tlm bearing 
siirfafcs and their suitability for working in contact wdth each other. 
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Many ruh])in«^ surfaces 'i[)on wliich Uie load is arc never rotdly 
liibricakV., for oven tlic containirat'-oii 'dliii is n ^olied oil’. ‘In such 
instances, it is al>solutely nocessary ll»at the materials used slmuld 
he exc('edin<j;ly hr nl and sucli as wjil not adhere firr ^ tofjjetlier, 
even when the surl.'ces are chemically clean. , 

it is now hecon iiig nmre clearly recognized that solids ])ossess 
l)r()])erti(‘s which have been generally regarded as peculiar to li(]uids. 
Thus lead, when quite ch'an, is sticky, two })icces welding together 
upon being brought into contact. Hut not only do some solids easily 
weld together in tie' cold, they even dillusc into each other. 

it will be seen from this how important it is t-o pay the most 
particular attention lo the physical properties of the metals used for 
liearing surface;.. 

awl ili^ l)pfprwlmfi(W . — Although we speak of bodies as 
being hard and soft, these are scarcely scientihe terms, for the hard- 
ness of ddrei'i'iit substanci's measured in difl’ereiit ways is by no 
mt'aiis always the same. For our purpose, hardness may be defined 
as the resistance otl’eri'd to permanent ])lastic deformation. VVe 
must clearly disfinguish between mere skin hardness and tlu' hardness 
of the mass of the metal, for (‘xposure to air, et<;., or miicJianical and 
chemical treatiiKMil, will often harden the surfaces of evi'U soft bodies 
eonsidi'rably. 

A serii's of experiments by llottone, who measured the load neces- 
sary to jiroduee a cut of definite depth, show great difrenaiees in the 
hardness of diHiM’ent metals. In his scale of hardness the diamond 
is taken at dOlO. Ills dck'rmilfiations of the relative hardness of 
tw'cnty metals are as follow : — 


TaULK XCll.— KeLATIVK HaHONKSS ok M1£TAI.S. 


Manganese, 

1 15(5 

(Jold, . 

070 

(\phalt. 

1450 

Ahiiinnimn, 

821 

Nickel, . 

1110 

(Jadnuinn, . 

700 

Iron, 

• i:575 

Magnesium, 

726 

(kipper, 

i;ioo 

Till, . 

651 

ballad i mil, 

1200 

1 bead, . 

570 

blaiinuiii, 

i 107 

} Thallium, . 

505 

Zinc, . 

: . 1077 

1 C.dcium, 

405 

Siher, 

000 

j ScKhiim, 

4(K) 

Iridimii, . 

084 

1 botas.sium, . 

2;}() 


T hi win has devised# a method of measuring hffrdness by using a 
straight knife edge as the indimting tool Several series of obsi-rva- 
tions 01 -ke indentations produced in j^'-inch bant of cliflerent imitals 
with various loads were made, and for each metal a constant was 
deduced which is^'a measure ol its hardness. It was found that the 
euuation C i = p^' may be taken aif the relation between the load 
and ind ntation, C being a constant giving the relative hardness of 
the metal tested, i the depth of the indentation in inches, an(l^/> the 
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])ressuro in tons licr inch width of knife edge in contact ^with the 
bar. ' > • ' 

Using tliis foriaida, Ibnvin obtained the following, niind)ers ex- 
pressing tli(! relative hardness of certain metals and alloys : — 


Cast ^teel, norma], . 
llras.s Nu. 2, 
lijass No. 1, 

Mild steel, 

Co[iper, iiiianiiealed, . 
Aliimiiiiiiin alloy, cast, 
Cop]»er. aiiiiealed. 

All I minium, stjuirted, 
Zinc, (ast, 

Lead, cast, 


iJKi'O 

221-0 

J05-2 

103T) 

02-0 

41-8 

40*8 

4-2 


The relative scales of liardness obtained by liotli the scratch nietliod 
and the indentation method are said to lie practically the same, but 
the scale obtained with the indentation metiiod is a more' ojieii scale 
than with the scratch method, which remains to be describeil. 

Unwin’s method is not suitable for \er 3 ^ hard or brittle bodies, or 
for deti'rminiiig surface hardness. The latter nia\ be best ascertained 
l)y the list' of Turner’s sclerometer (hardness measurer), a modilied form 
of wliich, described by Blount and Bloxam,^ is shown in tig. 1)5. 



A steelyard beam A swings on a pivot in a horizontal plane and 
oscillates on knife edges in a vcilical jilaue. At the end remote from 
the knife edge is S style B, shod with a diamovd point. To prevent 
the style .from chattering it hs placed at an angle with the' plane of the 
beam. A scale jian U slides along the bpam, which is grad- and 
by its means a load var}dng from 1 to 100 grammes can be placed 
upon tlu; diamond ])oint The piece to be tested' is prepared with a 
polislied surface free from scrAtclics, and is clamped on the rising 
table 1). The diamond point is loadijd with a known pres^-ure and 
^ Engineering Chnnisti'y, vol. i. pp. 28-31. 
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drawn acrOtSS tlie polisliod clean surface.^ P>j niej'^ of the s(^’ow E the 
tabic is xiioved bodily n short distinoe — ejj. inch — and anotlu'r trial 
made witl^i»,differ('nt load. The load wliich just sufhees to abrade- the 
specimen is a moasnre of its surface hardness. Thvj luslrunient is 
preferably used ir conjunction with a low-powLr nii(Tf»seoj)e (] inch 
objective) to view the scratches and decide whicli corresponds with 
the abradin^^ load. The following table (Turner) sliows the hai-duess 
of various materials, the numbers being tlie load in grammes ixMpiired 
to just scratch the specimen when tested by the seleronieter : 


Steatite, . . . . 

t ; 

1 

L(*ad, coiiuiwrcidl, . 

.• 1 

Tin,. •. . . . 


•2T) 

Zinc, annealed, 


. . t) 

Cojiper, . . . . 


8 

Softest iron, 


J r» 

Mild steel, 


dl 

'Pyre hteel, 


•JO J 

Hard cast iron, 


no 

Hardest chilled iron. 


7J 


Hard She/.- In the case of line contact, sueli as oeeui's m the 
various forms of trip gear for (drliss engine valvi's, the best ri'sults 
are olitained with tem[»ered steel faces, screwed, or otlu-rwise sia-uri-d, 
to softer metal sup])()rts. Such faces last well if reasonable care be 
taken to k'‘('p them free from grit, and to lubricate them ellieiently 
with a fairly viscous oil. 

Hard steel surfaces having considerable contact areas, and carrying 
heavy loads, are, as a rule, made to work against softer matiTials. 
Whe 1 two such hard surfaces have to work against each othi-r, 
they must be very accairately fitted, and such jirovision made in the 
design as will admit of an e(]ual distribution of the load, even if the 
parts should not run quite accurately together. 

Low (*arbon steel, if used for shafting, cranks, journals, and the like, 
is very apt to give trouble, the metal being too soft to maki- good 
bearings. On this account, engine makers now order steel containing 
as much as ()'4 jier cent*, of carbon. AVith such material, every (;are 
must be taken to ensure thorough annealing at the proper tem- 
perature, otherwish large masses w’ill prove difhcult to work and be 
liivble to fracture. ^ 

Soft steel is also very liable, when running on hard bronze bearings, 
especially if the lubrication becomes defective, to^eize locally and pick 
up particles of cop^)er, whicli become alloyed with the iron, and 
inerut “e at every revohition by attractflig fresh mrticles, like a rolling 
snowliViiVDiitil at length serious heating and (iTimagc are the result. 

A¥hen it is .necessary to make the surfaces as hard as cai> be 
obtained by the use of very high carbon teiiqiered steel, the speiid 
f)f rubbing is generally low. Thcl'o is consequently a very small 
liberation of heat. • • 

Case-hardened Iron and Steel . — Hard steel is too brittle Ur pins, 
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links, ;in(| foi- siic.li Lirfcs as ilio axles, cups, and cones of cycles. These 
arc, tlici'cforc, n)ad(^(d c.as('-fi;irdenK.d iron or mild sU'ol, i.c.^iroii or 
steel oi which the suriact' only has becji hunluned, leayi^ii; the core 
soft. Tlii^ is ellcctcd hy he.Mtiiii' the .‘U'tjcles to a suitahlc tcmpcr.a- 
tiirc (shout 1()()()“ (>) ju a closed box filled with finely })ow'(iei'cd 
carbonaci'oiis mat, ('Hal such as charred h'athcr, horn cuttings, etc., 
hn’ a length of time depending- upoi] the depth to which llu' carbon 
is re^piired to pt'uetratc. After (‘(jolin*;, the articles are reheated to 
ahoiit S0(J“ ( '. and hardened by (juciichiiij*: in waiter, Oase-hanhaiin^, 
unless cari'fully carrii'd out, is apt to cause cracks and also to distort 
the mass of met* 1. \\ rouj;!/ iron and Jiiild steel journals of lai'ijje 

diaiiK'ter art', c.ojisetpiently, seldom casediarden(;(l. •* 

W’lieneve]' very hard surfaces are made us(‘ of for bearin.L;s, it is 
nec('ssary to accuratel\ grind the case-hardened surfata's to ensure 
(amtacl over the whole ari'a. 

( Wxf Inni. K«>r slide-hlocks aial sli(ies, chilled cast-iron 
siii'faei's, urouiifl true, an* ov(*n more suitable than those of steel or 
case hardt'iied iron. Mere the hardeiiinii etreet, is pi‘(»duc('d by 
casting the lliiid iron into massive metal moulds or ‘chills,’ the sides 
of which are presiously coated with a clay wash to pi event tlie 
casting adlu'i’iiig jo them. In this way the cast metal is rapidly 
cooled, th(' gra])hite is prt'vented from sejtarating It'om the iron, and 
the chilled 'jiortioii of d-he casting b('comes extremely hard, and, if 
brok(*n, shows a silvi'ry fracture. In the (*ooling process, ho\ve\er, 
flu* casting is much distorted. To renu'dy this, the [latU'ni must b(' 
made of such a shape that^lu' cooling ellects shall draw tlu* casting 
into the rt'(piir(‘d form. To ri'diice the risk of fraclun', it is custom- 
ary to make chilled surfaces in loose pie(*es, which can be bolted to 
tlu' frame of tin' machine or to its moving ]>arts. 

( M Iron. — l'AC(‘llent bearing surfaces are made of unchilled gri'y 
cast iron. The only objection that can be urged against this metal 
is that it IS ratlu'r brittle, especially when heatt'd by friction. It 
not only w'orks well in contact with steel or wrought iron, but also 
against itself. hA’en when heated it doc's* not seize readily, the 
surfaces grinding to powder and remaining' free to slide over each 
other so long as any solid material remains. On this account it 
answers well for steam cylinders, in which the bUu-ication is 4 <.])t, at 
tiiiK's, to be vi'ry imperfect. Loose pjecH's are not reijuired, for the 
bariel and valve faces are merely macliined portions of the casting. 

d’he suitability cast iron for bearing surfaces arises, no doubt, 
in a great measure from the presence in the* iron of particles of 
grajihite, and to its jiorous sufface, into which *the lubricant insinuates 
itself. Sometimes jxiwdered solids, suehc as jilumbago, aTT^aised as 
liilwicants for cast-iron surfaces, the powder beiiij^ dusted upon the 
cxpo.si'd portions of tlu' rubbing surfaces. 

lh'on:.<\ — In the majority of nistances, the material of which n 
bearing is made must not only diller hi lueHing-point and l?ardnes8 
from Vliat of the surface against which it rubs, but it mii&t also be 
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Huffictciilly stron.ijj and tough to withstaiul heavT blows aiul gn\it 
strcssos \ ithout frartun*. (loppor, aluKmgli il ])osHesses a liigli 
malleability, softness, duetility, toughness and timaeity, is not a suit- 
al)h‘ iiH'tal of which to make bearings, for it eaii only u.Ja diflieulty 
be made to produce sound ca-stings, and is too tongli and eloso- 
grained to lie easil} shaped in a latlu', Copper is, i.hma'fore, alloyi'd 
with otb('i‘ metals, forming bronzes and brasses of various kinds. 

The, metals generally added arc dn, lead, and zini‘, but otlier 
eleiih'nts, such as pliosphorii.N arsimic, antimony, bismntb, manganese, 
and iron, may oet.'>r as essential or accidental constituents of tlie 
alloy. , I 

Tbe term ‘brijn/e* should be rostriiaed to a, Hoys composed chiihly 
of co[)[)er and tin. ‘ ( bin-im'tar is a bronze containing IK) parts of 
copper to 10 parts of tin. One or two per cent, of ziiui, or a small 
amount of phosphorus, is usually added to tlic metal before easting, 
to r(‘move oxide .and jiromoj.e soundness. W'licii [iliospliorus is used, 
tbe .alloy i.s known as ‘])hosphor bronze.’ Hron/cs nserl for bearings 
and friction surfaces sometimes contain as mimh as IS to l!0 jier laait. 
of tin. The tin confers bardness and stnaigth u|)on tbe alloy in 
jtropoi'tion to the a.mount pres(ait ; if redma-s the (■oellieient of 
friction .and (ai.ablesa bea\i('r load to be carried. 

[a*.ad bronz(‘s are prodma-d by tu<' .addition of lead to copper-tin 
alhn's. Tlie lead do(>.s not .alloy with tbc' copper and tin, .and unless 
])ro[)er c.are lx* takiai in r.astmg it will sejiarate out, lail by well 
stirring tbe m(»lten metal and )>y ])onring il at not too bigii a 
tcmiieratiire, so tb.at it will soliHify <piickl\ in tlu’ mould, tlu' lead 
rcm.ains ditbised throughout the alloy and C(»nfers upon it y.aliiabli! 
])ro]Hii’tios. Altboimh it weakens the bronze, it gri'.atly incn'.ases its 
]>la,sticity .and redmass the amount of wear. Hdie Ix'b.ayiour of lead 
bronzes for bearings was carefully studital s('y(*ral \e.ars ago by 
Dudley,^ who obtained the results givcai m T.aiile .XiHIl. 


Taui.k X(H1I.— Hki 

AT1\E Wj- 

AH OK 

Buonzk 

Bk AH IN os (Dudleit). 



( 

oni])(isitioii 



Alloy tcsLfii 





W('!ir 


Coiipt-r 1 

llii 

Lead. ' I’liospliui iia.' ArHi-iuc 


Standard lead (jilios- ] 
])hur) bronze, . | 


lo-no 

li-50 ' 

O-HO 

J *00 



m 

Ordm.ary bronze, * 

87*r>o j 

12 *.70 


; ... i 

1*10 

Avst^ bronze A, 

^ Hirgn 1 

lonn 

• ... 1 

; O.S-0 , 

1 42 

Al^scIn^ U oii/e 15, 

1 

lo-no 

7*00 

* , (ISO 1 

1*15 

Arsenic bronze (\ 

; 7b 70 ! 

lo-ot) 

0*50 , 

i O.SO 

I*P1 

Bronze ‘ K,’ . # 

77'00 i 

10*50 

12*50 : 


0*02 

Bionze‘B,'. 

77*00 1 

8*(#) 

15*00 ! 

i 

0*S(> 


' Jour FrankHu ImL, 189li, pp. 81 93 and Ifjl 172. 
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Tlic method e\])erirnept was to take a certain nuniheiy>f l)oar‘ 
ings made of tlx' sfloidard alloy, af<d an cfjnal number made of the 
exjierimental alloy, and to place those on loeonK)tive*t“yder or ear 
axles in pairs, a standard and an ex[)erimental hearing being placed 
on opjKrSite ends of llie same axle. The relative rates of wear were 
ascei'tained by weighing the bearings at intervals. The ‘ordinary 
bron/e' not only wore lialf as fast again as the standard lead bron/e, 
but a much larger percentage of the be.irings made of it heated. 
Arsenic gav{' the same results as phosjdiorus. Tliese elements merely 
promote sound (jastings ; they were found to have no marked inlluence 
up(ui the rate oh wear. Incrt'^ising the percenta<^e ©f lead still fiirtlicr 
reduced the rate of wear, as shown ])y the all^fys ‘K’ and ‘B.’ 
Bron/e ‘B’ had a tensile strength of 1()‘6 tons ])er square inch, 
with 11 ])er cent. eloiigati</ii, whilst the standard lead (phos])hor) 
bron/e had a tensih' strength of 13 t<ins, with 0 per cent, elongation. 
Budley concluded from Ins experiments that “tlu' alloy which can 
enduri' the greatest amount of distortion without riqiture will give the 
best results in wear ” In other words, plasticity combined with the 
iK'cessary strength is the (juality to be soiigbt after. Another (h'sirable 
feature in a bearing metal is a finely granular structure, which tends 
to reduce the size of the jiarticles which are torn off by the frictitm. 
More recently, (3amer^ has continued and extended the work of 
Dudley, lie used a specially designed friction-testing machine, with 
test-bearings, measuring 3^ inches x I, inch, which could be. readily 
w'cighed. In each experim^t, the journal (3^^ imdies in diana'ter) made 
100,000 revolutions at a speed of 525 revolutions per minute, the same 
pressure (1000 lbs. ]kt square inch), oil, and method of lubrication be- 
ing used throughout. It was found that the rate of wear dimiiiished, 
though the friction and tcm{)crature increased, as the pcrcentagi; of 
tin in the bronze was decreased and the })ercentagc of lead inci'eascd 
(see Table XCJIV.). 


TAimn XCJV.— Relative Ruictiot. and Wear of Lead Bronze 
Bearings {Clamcr), • 



Copper. 

Tin. 

' Lead. 

Frietuin. 

lbs. 

Temperature 
ubovef 01)111 " F. 

Wear 
in (irms. 

• 

1 

85-70 

14-90 

1 

i 

13 

50 

•2800 

2 

90-(;7 

‘)-45 


13 

51 

■]7(:8 

3 

95-01 

4-95 


10 

• 52 

-0770 

4 

90-8‘2 

4-02 

! 4-^2 

14 

• 53 

1 -0542 

5 

85-12 

4-fil 

1001 

18’ 

50 

^'Vi80 

0327 

fl 

81-27 

5-17 

1 l-ll 

18l» 1 

58 

7* 

75 ? 

5 ? 

; 20? 

m 


•0277 , 

' 8 

()8-71 

5-24 

j 20-07 

18“ 

58 

•0204 

0 

1)4-34 

4-70 

1 31-22 • 

18 

• 

04 

•0130 . 

* 


^ Jour, Franklin Inst., 1903, j>]). 49-77. 
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In orcjor to prevent s(grcgar,ioii of lea^ in the iniild wlieli casting 
the alloys containing more than •! e') per cent, oi^ lead, it was found 
nceossary hcep the tin below G or 6^- oer cent. ; and, even then, some 
segregation took p.' me \mless great care was taken to the metal 
at the |:)roper temperature. The addition of*| to I per (!ont. of 
nickel, however, was found to cause more rapid solidification of the 
alloy, and enabled good castings to bo more easily obtained. 

According to recent information kindly sup])lied by Dudley, the 
alloy known as ‘Ex. 11 metal,’ wliich contains 15 per cent, of hvid, 
is still used on tin I’cnnsylvania Ihiijway, and has proved to be a 
very satisfactory bciirirg metal. It v;jthstands hanimering nearly 
as well iis the stflndard ‘S’ bearing nletal of the Tliosphor Hronze 
Co. Th(‘ plastic bnmzo of the Ajax Metal (kmipaiiy, containing 
much more lead, is largely used in the United States, and has been 
found to give excellent n'sults hw locomotive driving-box shells, 
where it is well sujiported, and also for ordinary car liearings. It 
lias, however, been found that the journals weai* a little faster the 
higln'i’ the percentage of lead in the bearing metal. 

Manganese bi’onzos, both with and without zinc, are made by 
introducing a jiro portion of ferromanganese into bronze or brass. A 
variety free from zinc, which has great strength and toughness, has 
been used for very large bearings. Great strength and toughness has 
also been secured by adding aluminium in small pr(.>portion. 

Bronzes of various ([ualities are very extensively used for bearings, 
working botli with and without lubricants. In many cases, such as 
where the alloy works against the bearings of cast-iron rolls, the 
iieat resulting from excessive friction is prevented from raising the 
temp(.''rature unduly by a stream of water. Bronzi's arc also used 
for bearing surfaces working against steel and iron, when the load is 
not excessive and fluid lubricants are u.sed, also for steam engine 
slide-valves working against cast-iron surfaces, especially when the 
load resulting from the steam pressure is great. Bronze and cast-iron 
surfaces are very hai-d and unyielding, and, unless the surfaces arc 
very true and run accurately upon each other, they are apt to bind 
heavily in places and -cause overheating, more especially if iion-oily 
or non-greasy lubricants arc used. 

When zinc is substituted for tin, the alloy is a brass. For bearing 
surfaces brass is by no meana so good as bronze. Nevertheless, as 
zinc is much cheaper than tin, and brasses are less expensive than 
bronzes, they are much used in cases where, owiiig to the load being 
light, strength and "ductility are of secondary importance. Zinc 
mustr.»‘pt be added to* bronzes containing lead^as it increases the 
friction 'iind also the rate of wear of the bearing. 

In Table XGV.yihe percentage composition is given of a number of 
bronzes used for bearings. « 

The strength and othciency of a bearing depends upon the 
structure of the metaf it i^ made of quite as much as, if not 
more than, upon its chemical composition, and a good structure 
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TaIsTk XCV— VoMrOSlTlf)N of f*»RONZKR DSKO FOR liKARINllR. 


1 

' lieHtTijaioii, 

CopixT 

Tin 

Lead 

Zim- 

(Hlmr 

Elcniciitb. 

A 11 tb only. 

i 

j Aiiierit'au Jlaihvniis. 







Stiindjird hronze ‘ 11, ’ Pi'iin Kv , 

T7 0 

S 0 

1.5 0 



Diidhy 

A\1i'-I)o\(‘h and Iti;' end Inm.m'K, 

.s.'i-: 

14 3 




eiiu'jii^o mill N W Ky., 
Mri'i'iilnc strap liiioiB, Ohira}'t) 
mid N W riy 

78 1 

5)5 

11 .5 

4-:{ 



Jinglish Ifuiltrai/g 





ft 

% 


Wliiti* niutiilhsl bcariiiRH, Mid- 

84 0 

120 


4 0 



land JLy , 

eiaiii licaniijrs, Midland Ry., 

83 0 

9 0 

8 0 




Sllde-Vidvfs, Midland Ry , 

83 8 

111 0 

1 7 

... 

I’ho.spitoriis 







about 0 03 


French liaihvanH. 







l'.sj‘d for ri'oiprocatiH{? jiarts, 

81 0 

14 0 


2 0 


Cbariiy 

.1 (iiirn.il boannus. 

82 (1 

ICO 

.. 

2 0 


l.edi‘biir. 

Car brarinSB, N(iitli(.’rii Ry., 

82 It 

l8'tt 


... 

... 

Lodebur and 



15 0 




'I’lnirston 

N'alvf lod bt'aniifis, Oilcmi.s Hy., 

82 0 


3 0 

i 


Cliariiy 

Italian Jiailmmg. 



i 

j 

1 



Rearing' nutal, . . . 

89 0 

9 0 

I 

i =•" 


Tliiirston. 

Migcellaneoug. j 

# 1 


1 

1 

i 



Aja\ iilastk' bronzo, . . . | 

04-0 

5 0 

.30 0 

1 

1 ... [ 

Nickel, 1-0 

1 (’lamer. 

1 Aja\ bronze i 

81 2 

11-0 

7 3 


Rliospborus or j 
nr.scnic, ()-;{T ' 

Dudley. 

1 



1 



(.'amelia nudal, . . . I 

70 2 j 

1 3 

14H 

1 ](r2 1 

Iron, 0 5 


(’arlion bronzo, . 

T.-if) 1 

9 7 

14 G 

... 

Carbon, 
possible trace 

; - 

Coi nisb bronze, . 

77 -S 

9 6 

12-4 


... 


DamaaciiK bronze, 

7(5 4 

10-6 

12 .5 


... 


Udta nu'Lal, 

92 4 

2-1 

5 1 


Iron, 0 1 


Uraiioy bronze, . 

75 8 

9-2 

1.5 1 

... 



Marnn^lon bronzo, 

6.5-7 

1-0 


42-7 

Iron, 0 7 


Liifond'.s alloy, for heavily 

83-11 

16'0 


3 0 

% 

(’harpy 

loaded bcarinuB, ' 






Mamianvso bronzo, 

90-.5 

9-6 



.Manganese, nil 

Dudley. 

I’hos]>bor bronze, . . . 

7»-2 

10-2 

96 


I’hosphorus, 






0-94 


Tobin bronze, . . . . | 

69-0 

2-2 

0-.3 

38-4 

Iron^O-1 

”* 


is (IcpciRlc'iit upon carornl foundry practice. JoLJ who lias paid 
a gi'cat deal of attention to the causes of hoL hearings in railway 
work, found that the main causes which led to heating w('re : (1) 
Segregation of the metals conf]>(;sing the allo>*; (2) coarse cryst^illinc 
structure ; and (3) (frjss or oxides and ga» cavities in theTRetal. 

Si'gi’egation was found to bo due in many cases tf' an attenijit t<^ 
alloy the metals in improper pro|xirtions, notably to the use of excess 
of lead with ordinary foundry practice, resulting in liquation of pant 
of the lead and often, also, the separtftion Of part of the cr^iper as 

• ‘ Jour. Franklin lust. , cxlix. (1900), pp. 439-460. 
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‘ coppoi\spols.’ Pourinij; Iho metal too i^apiclly, at foo high a^^i'inpera- 
tiire, is a \ery frecpioiit cause of s^^gregatioii aiKl evavse crystallization, 
since the then reniains molten tr > long in tluj mould, giving time 

for alloys of dilVere ^t composition to crystallize out se])ai*fi oi ly, tending 
l>o ])roduce surfacei of nni'ipial hardness and ‘heal -capacity, which 
localizes friction {in- 1 ultimately results in excessive heating. A line- 
grained and ])ractically uniform structure may he obtained, even with 
a mixture of metals which do not truly alloy, hy comparatively slow 
pouring, so that the metal solidities as soon as ])ossible after it has 
entered the mould, but not pouring too slowly, as this leads to the 
formation of ‘ siiotj in the liearing, ^^hrough the f freezing of the 
metal liefore it >la,s flow^ed completely into the mould. The proper 
rate of pouring must be determined by experiment. 

The coarse erystalliiie structure often seen in defective bearings was, 
in some cases, found to be flu(‘ to the composition of the alloy, 
antimony especially tending to produce it. In many cases, it resulted 
from rapidly [louring the metal at too high a tcmjicrature, aiul often 
it was traced to an excess of [ihosjihorus, silicon, or other deoxidising 
agent. A coarse structure is detrimental in two ways. It tends to 
locjilize friction, and secondly, by decreasing the ductility and 
tensile strength of the metal, it cau.ses an e.xcessive rate of w(‘ar, for 
it has bi'cn proven by ditlerent exjierimenters that, with a given 
tensile strength, rajiidity of wear increases with brittleness. 

Another very common defect in the bearings was the presence of 
dross or oxidized metal, and of laj’ge amounts of occluded ga,s. The 
formei', by abrading the journal, causes increased friction and heating ; 
the latter, by reducing the area of the bearing surface, increases the 
presstrre and tiu' wear and tear. Dross causes the metal, unless 
raised too highly in temperature, to pour sluggishly in casting, and 
it aJ.so ]irc\’ents clean and sharp eastings from being obtained. This 
sluggisiiness can be entirely cured by the chemical action of any good 
deoxidizing material. Thus, a small amount of ])hos])horus ([irefer- 
idily added as [ihosphor-copjicr) causes a marked increase of fluidity, 
and im[)arts to the meiJii a much denser microsco[)ica1 structure, as 
well as greater streiigtli and ductility. Phosphor lironze is notivl for 
its fluidity, closeness of structure, strength and xvearing qualities, pro- 
vidi'd i. (iocs not contain excess of [ihosphorus. Kxcess loads to the 
formation of a network of crystalline metallic salts, whi(*h increases 
with rej)eated renielting, until finally the metal is more defi'ctive 
than if no deoxidation has been attempted. K^^’css of silicon l(*ads 
to similar results. * 

Thf action of zinc hi prodiicing sound castings has long been 
known, Imt, as Dudley pointed out in 1892, the amount of zinc added 
should tiot be mm* than 1 or 2 per cent. Any excess left in -the 
alloy tends to cause weakness, and decrease both tensile strength 
a.id ductility. In large railway found rie.s, ‘yelhnv brass’ is apt to 
accumuiate in the scrap heap, and if much of such metal be added to 
the [)ot a considerable proportion of zinc may be introducofl into the 
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mixture, coui^)iirative1y ^nipid wear result. Such yellow metal 
should he kept sepalatc, and only a^ded in just sufficient amount to 
each ])ot to introduce the rc(piisite proportion of zinc., **jinc alone 
does not, however, efi'ect complete deoxidation, and .lob considers it 
desiraldi' to add also a very little silicon (in the form of silicon copper) 
after adding the spelter or yellow metal, in this way a very close- 
grained and ductile metal is obtained at a moderate cost. The amount 
of sili(;oM needs io be very carefully regulated, in order to avoid the 
partial ci'ystallization caused by excess. 

V(!ry carefully conducted experiments made by placing bearings of 
])i-actiea!ly tlu' i^ ine composition, but differing widely ])oth in tensile 
strength and ductility, upon’oppositc ends of flic %’.ame axles, have 
invariably shown that increase of strength and ductility result in 
increased life of the bearings, confirming the observations of Dudley. 
An instance is given in which eight Ixiaring lirasses, each composed 
of copper-tin lead mixtures, were placed under tenders of fast 
passcngi'r locomotives, one bearing of each set being ])laced upon one 
end of each a.\le. All the liearings were practically of the same 
chemical composition, but one set had a tensile strength of about 
Id.bOO lbs. ])er scpuire inch, with an elongation of about G })er cent., 
whilst the other set had a tensile strength of about 21,000 lbs., with 
an ('longation of about 13 per cent., the difference Oeing due to the 
fact that in the one case Uie metal was porous, whilst in the other it was 
thoroughly deoxidized, close-grained, and homogeneous. Tlic defective 
set of brasses wore .33 per emit, more rapidly than the others. 

In the foregoing remarks^bronzes'and brasses have been considered 
jis friction surfaiics, but it is now fro(piently the practice to coat the 
surfaces of bearings with white, so-called, ‘.antifriction alloys,’ •"Inch 
form the friction surface. Tim bronze or brass ]>art of the bearing 
then becomes merely a support for the white-metal, and its composi- 
tion has no inffueucc upon the friction. Such bearing brasses can 
fr(‘quently be made from scrap metal, a suitable composition being : — 

Copper, , 

Till, 

Lead, . 

Zinc, 


but the exact composition is of secondary importance, so long as the 
rccpiisito strength is obtained. * 

Metals. — i^nti-frictidn, or white mettils, arc white all^^ys of 
tin, antimony, lead, copper, zinc, etc. It* is seldom that Wlfre than 
three of these metals are used in any one mixture. ^Lite metals, some'; 
times Known as white brasses, |j,re now largely used, owung to the 
comparative ease with which they can be scraped down to form smootii 
and polished surfaces, and the stitisfaclory Way in which by their use 
the friction is kept low under conditions which do not admit of perfect 




THE DKSKJN AN1> TUBKICATIOX OF BEAIUNOS. 


385 


luhricjitioii Tliis is [ijirtly owiiif*' t) t.ieir plas^'c nutiir(', wliich 
eiKiMes these alloys under pressure to mould themselves to the form of 
the joiiriiid mid thus, hy inereasiiij; to ihe maximum Iho of the 
surfaces in contact, in distribute the load more tsjjially over the licar- 
in^^ Such bearing -r.rfaccs are also more economical than those 
made of liron/e, for the metal removed by wear can be r-eplaced at 
very small <‘ost, and without destroying the Imnize, brass, or cast-iron 
step of which it forms the rubbing surface. 

The use of wdiite-metal also, in many cases, enaliles mineral lubri- 
cants deticient in oibness to be used in place of the more (iostly lixed 
oils, ddie mineral oi’ of iVchelbroim, f r instance, was found very 
satisfactory when used in connection with white-metal on the l^'nstern 
1‘ailway of I'Vanced where it was tried for high-speed railway vehicles. 
Not only was a great pecuniary saving elTected by using this oil as a 
lubricant in conjunction wdth white-metal, but the number of heated 
axles w’as n'dneed in the proportion of about 7 to 1. At a, later 
period - it was found by the same railway comjiany that with a 
certain type of boxes those provided with wdiite-metal liearings 
became heated thirty-seven times less frecpiently than those having 
bronze bearings. The decrease in the number of hot boxi's, for the 
same type of lioxes, resulting frinn the substitution of white-metal for 
bronze, vaiaed fi’om year to year, but the statistics always iiulicated 
a decided advantage in favour of whitc-metal. On the Paris- 
Lyons and Mediterranean Ihiilway, it was found that the substitution 
of white-metal for bronze in the ease of coal triudis, fully loaded 
and forming trains of 300 tons moving at a siieed varying 
between 127 and 4:2 Kilometres per hour, gave a diminution of friiTion 
of ‘20 ]/('!• cent. The white-metal bearings became heated less 
fro(jueiitly than those of bronze, and w'ore less rapidly.^ 

The general practice is to east recesses in tbc surfaces of bearings 
of the ordinai’V form, fill them with the wdiite alloy, and then tool and 
scrajie the surfacjos so as to lit the shafts or journals they are to W'ork 
upon. (Generally speakin;^ the bearing blocK or ‘brass’ is made of a 
tough bi-oiiz(' ; for marine wairk, however, cast iron is now largely usc'd. 
The white-metal is let into the surface, in longitudinal or diagonal 
stri))s which stand a bttle ‘proud’ of the cast iron. This gives the 
shaft a chance of quickly j)roducing a true smooth-bearing surface, 
which, as it wears, allows the shaio to slowdy put a good face on the 
cast iron as well. The initial process of producing a good face should 
be olfected under easy ccyiditions of running, so as if) avoid ovcr-h(*at- 
ing. Bt3i!ig ponms, the cast-iron surface is easily contaminated by 
small fiakrs <><■ wdiite-mctal, wdiich, to some extent, *ct as lubricants. 
If, from any cause, a bearing oT this description should become over- 
heated and the wlide-motal melted aw^ay, then the surfaces of the 
cast-iron ribs carry the load ; and, if <bhe bearing be kept cool by 

^ Un'uc Qentrale (fes Chcmiiwi de Fer, April 1885, ]j. 216. 

^ Bull. Jnkrmt. Conmsn. Jty. Congress, 1896. 

^ Berne des Chemins dc Fcr, 1891. 
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dircctifig ;i stri'ui^i of col(^ water upon it, tlu; oiigiiic need not be 
stop])ed until a favourable opportunity occurs. 

To (siisuro tlie adhesion of the whiteunetal to thl* •bearing, tlie 
Ijrass, ])»*on/(! or (last-iron surface must first be tlioi’oughly cleaned 
and tinned, brass and lu'onzc bearings can be most readily cleaned 
by di[)j)ing or pickling for a short time in nitric a(‘id (aijiia h>rtis), 
or in a mixture of this with sulphuric acid (oil of vitred) and water, 
afterwards well swilling with water to remove the acid ; or the 
articles may be scraped and filed clean. Old bearings which need 
remetalling must first be boiled with caustic s(Kla solution, or cleaned 
with petroleum, to remove' oil and dirt. The clean and bi'ight 
metallic surface must then be heated and well tinned with {lurc tin 
or white-metal, using zinc cliloride (‘killed spirit of salt’) or 
sal-ammoniac as a flux, and wiping olf with tow. Oast iron is best 
(deaned with emery cloth, after all grease has been removi'd, and 
tinned with sal-ammoniac. With a lump ol sal-ammoniac and 
plenty of tin or white-metal, there is little diflicully in getting a 
well-tinned surface on cast iron, provided it is clean and free from 
grease. 

As white metals liipiefy at about 440“ to 480'’ F., ibey may be 
melted in ordinary ladles and run directly into the recesses prejiared 
for them, the journal or shaft side of tlie mould being outlined by a 
suitable loose iron block. As some of thest' alloys do not adhere 
vi'ry well to the walls of the recesses jireparc'd for them, the support- 
ing edges of the latter^iould be bevelled in such a. waiy that the 
soft alloy is mechanically held in jxisition. 

In melting white metals they must not be overheated, as tho} 
readily oxidize on the surface, and, if hard ])articlcs of the "oxide oi 
dross thus formed be<H)me enclosed in the cast metal, the friction if 
increased and the bearing is very likely to run iiot. Some oxidatioi 
is unavoidable, and, therefore, care must ahvays lx* taken, wher 
pouring the metal, not to allow^ the dross or any other foreigi 
substance to enter the mould. When wlvte-metal becomes dirty o: 
pasty through being kept melted and used for sonuf time, a smal 
piece of rosin or tallow stirred into it will assist the dross to rise t( 
the surface, when it may be skimmed oft‘. 

In casting antifriction alloys on to a bearing, the lattiu’ should bi 
heated to aliout 1^00“ F., and th<; metal should be poured at i 
temperature sulliciently high to keej) it fluid (say 500" to GOO" F. 
and not higher. If })ourcd too hot, or on to too hot a surface, tin 
solidification of the alloy takes place slowly, and a coai*sc crystalliza 
tion results, which is detrimental to cool running, ^ith'er shouh 
the bearing on to which the metal is cast be too cold. Thus Hehrens 
cast the same white-metal around (1) a red-h'^t core, (2) a holloa 
core cooled by running wat^r, and (3) a core heated to 100° C 
(212° F.). When tested on a mandrel of polished steel revolviilg a 
high speed, the white-metal blocks cast round the red-hot and ool( 
^ Metallographist, 1900, p. 4. 
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cores heated much more rapidily tl’aii the ])]o( cast round the 
moderately heated core. It \va,s ohsc’U’ed that tin' surface of tlie 
latter l)lo(;k acveh'ued, as a result of the friction, a rehii pattei'u, 
due to tlu' structure of the metal, which helped to retain the lubri- 
cant. It was also m deed that the oil l)e(‘ame chai’f;ed with minute 
spheroids of wliit(Mn('tal rubi)ed off the surface of the block, whi{;h 
were considered by liehrens to play a not unimportant part in 
reducing the friction. 

In Table X('Vi. the composition is given of a largo number of 
white antifriction alloys which have l)een iritroduced. 

As might 1)0 ^xpccted from the griat variations in their com- 
position, white metals vary greatly in the «‘,vtent to which they 
leducc th(' coctlicient of friction, and also in their toughness and 
hardness. The soft varieties when cle;in and working against iron 
or steel at ('vceedingly low sjieeds, give high coetlicients of friction, 
but the hea,t ])roduced is so small anil the adhesion of the ru])l)ing 
surfaces so slight that no injury is done to them. Should the 
ju'cssure ])e locally heavy, the imital is merely llaked oil', or llattened, 
the load relhuu'd, and the surface burnished. t)n this account, 
white lui'tal bearings are inrlis[iensable for certain purj)oses ; as, for 
instance, when the siiaft ri'sting on llie bearing cannot be made to 
run (piite accui’ately. 

As an illustration of the extent to which these soft metals rc'diice 
the friction \\hen working on hard steel at ordinary spei'ds without 
ungmnits, we may instance the casc^of xMagnolia metal. 11. H. Smith 
states that when running with |)ure water instead of a ti'ue 
unguent the co(;tHcieut is as low as 0-03, the load being about 400 lbs. 
])or si[uar(' inch. AVith bra,ss, under similar conditions, the friction 
is five times as givat. 

WIk’ii the pressures fier stpiare inch are great, or the bearings ai’c 
siilijected to severe shocks, very hard mi.xtures are required. Soft 
metals under such circumstances suiter severely, their surfaces lieing 
rulihed olT in flakes. 

According to Dmvrance, very little lead or /.inc sliould be contaiiH'd 
in white metals vhich have to be lubricated with oils containing free 
fatty acids, as these acids form soaps very readily with the two 
metals named, and, therefore, corrode badly. Tin is not iittackcd so 
readily, and the s:iJV>r plan is to use an alloy comjiosed principally of 
this metal. 

It will be noticed thfkt most of the white metals given in Table 
XCYl., p 388, contain antimony. This metal has the important 
property of ’ 'eventing the m^i-ss from shrinking mueh ujion solidi- 
fication, or of actually causing it to expand and, therefore, fill the 
cavity in which it is Tun. When jiresent in the alloy in large pro- 
portion, it makes the mixture very haifl and brittle. The hardening 
effect is, however, generally obtrined liy the use of tin ami zinc, 
toughness by copper, and softness by lead. Zinc does not alloy v ith 
lead in all proportions, and it will be found that these metals are 



388 LUimiCATTON AND LUBRICANTS. 

I ' 

« I 

Tarli? XGVT.- WniTi? ANTiFUiorioN Alt-oys. 


Itc sciiptinn 

Tin. 

Antimony 

l,ead Oopper 

/inc. 

Other 

Elements. 

Authority. 

\iin’n('(iii lifdlii'fniit 








Mi'.U'iiiK iiKtiil iVim ISv , 


13 0 

S7-d 




Dudley. 

I'ai Kiiiu’ Dll}.; iiu‘l,!il, iVini 


s33 

S3 33 

... 

... 

... 










I'Uiiiiinii Haihmilit 

1 







lU'iil iiR'tal, (; \V [:y , 

, 07 <1 

*11-0 


22 t) 

» 

<L 


,, ,, l!y , 

S4-15 

Id*:, 


.5-3 

!!! 



,, ,, ’I'iill VuU- liy., 

' h: 0 

10 3 

... 

7'7 




liidt'li Jiaihvans 

1 







lU'anttK lilt till, NAS 

SI 

8S 


9G 



liehrens. 

Jlnlliin.l l{y.s , 






FrfHch llailwaiis 








I'.i'iinny metal, 

1 

; S3 1 

ll'l 

... 

5-5 


... 

('harpy. 

,, ,, Orleans ami 

1 S'.' (» 

12 (» 

... 

Cd 



Ledebtir. 

\\ . Austrian Ky . 








\alve khI ami eoeonlrie 
inllar Itearliifis, Northern 
Kv , 

I’.cariiiL!, metal, WesRun Ity , 

Is'JO 

Id d 

... 

8 0 

... 


Oharjiy. 


73-n 

12 0 

7-d 

4 0 

. 

TMmsphor 
co])per, 4’0 



N'alve iml and eieentnc 

71^' 

24 d 


5-0 



collar beavinus, I'.Ii A Al 

'' 






lly.. Tliurston standard 
ivliil.e-mct il. 

i 

1 






Iteauug metal, 

o7'ti ; 

22‘0 

... 

ll 0 

... 


l 

.lournal boxes, 

42'U 1 

l(>*d 

42 d 



• 

lAdebur. 

jMctalllo iiackinK, Kastern 
hy , 

Metallic iiaekiii}', Orleans 

1 1 

H*d 1 

80 0 

... 

... 


1 Charpy. 

!4-(l 

Idd 

7G'd 



... 


ami I’.h A M llys , 
Metiillie lait knitr, Northern 

. 1 

12-0 

150 

73 d 




1 

i 









Kcceiitno collar i)ackin<r, . 
Metallic ]iackin>:, M'estern 

20 U 

lUd 

' 70 0 


... 


[ 

32 0 

3-0 

(id 0 

fi 0 

... 



liy , 








German Hatlwann 

1 



* 




Rearint? metal, Prussian 

91*0 

GO 


30 

' 

... 


Uehrens. 

llvs , 








Rearnm metal, Hanoverian 
llys , 

Ecarinp metal, Herlm Itys , . 

S7 0 

7-5 1 


6 5 




'' S3-(1 

11 d ' 

... 

' GO 


! 

Ledehnr. 

Iliph-speed axles, J’nH .lan 

74MI 

15 tl 1 

... 

1 iro 


... 

Behrens. 

ll>s,, 




r 


1 


l{H>sinn Jlailimv/' 








far bearlnps, . 

on-d 

S’O 

... 

2-0 



111111*81011. 

liearinp metal. 

' 78-5 

11-5 

... 

10-0 

.4 


N M 

Snusft Uaihraiis 







- 

Ilea U'lip metal, 

su-n 

10-0 

! •" 

lO'O 

... 

4 

Thurston, 



THE DESIGN AND ^UBRHJaTION OF BEARINGS. 


389 



TaiUjK Xt-Vl. -und'hiHcd. 



’I'm. lAntnmmy. 

bead. 

(■op[iei 

Zinc 


M im'ltaiieo'UK 







Antitnctioii nictul, 

!)S 1 i 



10 


. Iron, (race iMidlcy. 

11 11 

nr, n 

S U 


1 n 


'riinisloii 

1) 11 • ■ 

n;{ a 

n 9 

n i; 

1 8 


; hiMiintli, 0 ',:5 

,, ,, 

7k 7 

12 1 

4 4 

9s 


IW'iirin;' nioUil for licjivy 

•Ml n 

. 1 


2(1 


lliorns 

loiUlB, 








s7 0 

7 n 

•• 

(> 0 

. 

... ,, 

r»e!inii}: iiiotal fur lij^htluads, 

s.'')'0 

in n 


.kn 


,, 

.1 i. 

":i <» 

Is n 


9 (1 



Very Iifird hearing,' ini'kiL 

1 !() 

82 (1 


4 (1 

.'.n 

• 1) 

Aiiliifrit lion iocoiiiolive 

ano 

1-0 


4 0 

(.5 (1 


iiiL'tal, 

Hanl lead, 


no 

94-4 



lliidii'}' 

Antitnelioii metal, 

... 

12 1 

87 9 



,, 

Car l)ras.s 

.. 

ir> i 

81 9 



,, 

Aiitiniunial lead, 


18 8 

8117 



( Vltiiiniiiiim, 

Metallic ]ia( kiiifi, . 

.’{kk 

0 r> 

01k 

... 

(1 If 

0 (12 

[ lion, (1 (11 

j Ualiliit’s autifrienoii metal, 

ss-n 

74 


:} 7 


1 Caiiricedale antilrictmii 

di’k 

fra 

20 2 

0 k 


lir.iidntc, ml 

1 metal, 

1 I)ewrama''s wliite-metal, 

r.i i 

12 n 

2(1 7 

0*1 


; 

OeM raiu'e's ku omoLi\e 


44 4 




1 .. llioin.H 

metal, 

Klectrieuii antifrietiuji 

5 

19 0 1 

1 

... 


1 ___ i 

metal, 

Ketdon's antifriction met.il, 

14 •.I 


fl i> 

i 

sn I) 

I’.clircns 

Ul\co uiitifrictioii metal, 

f> I ’ 

lf.il 

79 1 

1 

1 


; 1 

(>)!i])liite liearing meUil, 

14 4 ' 

11,7 

07 7 

1 


Uiaidiito, nil Imdlcy 

llojle’h alloy for pi\ot 

4G-(i . 

12 n 

42 n 



] lln,riis 

bearings, 



• 




[ Ibis white-metal, 

.laeoby'h alloy for light loads, 

112 

II 4 

77*11 

f> 0 j 



' Sf) 0 

10 (1 




! ' [.(‘debiii 

Kingston’s metal, . 

1 SS'll 1 

... 1 


(> 0 J 


' Mci’cniy (.11 ' llmriis 

Magnolia metal, 

1 f) 1 ' 

14 (> 

79 6 


n 

‘/Iron,!) ('ll 
i l'•lsnnlth, 0 41 

llichard’s wlnte-metul, 

; 9s .'■» 

0 1 

” 



: „ J 4 

„ plastic metal. 

; 77 n 

12 (, 

1 1 ‘k 

9 3 


1 

SalgK* antifriction metal, 

' an 


, 1 1 

in 

sk (> 

imdley. 

1 lilted Iviiigdom metallic 
packing. 

1 91 f) 

1 ; 

kl) 

1 l)*9 

4 s 

1 


United States metallic | 

1 8'.» '» , 

4 4 

' 0.^ 

0 0 



packing, ( 

1 s-3:{ 

8 3k 

1 sk*.i.k 



Inidlry.' 

Vam her s alloy for jourmils. 

1 18 fxi 

2 -.5 

1 1 


1 7.7 0 

lliorns 

Ward’s wliite-inctal, 

; 17 2 . 

Ik 4 

! os 7 

(1 4 

1 


Zero metal, , 

1 22-4 

18 9 

; .')8 9 



bisniiitli, n n.7 


* V fdrmiila, uacd ou tlu* I’cnnsjhuiii.i li.ll 

seldom ]>resei]t together in alky.s. Tin, on the otlu'r hand, alloys 
well with both eojiper and zine. 

The high pressures, and, eonseipiently, high temperatures, at which 
steam engines now work renders liomp, or other (ihroiis packing, 
unsuitaMe Tor piston-rod glands, for the hhre is ekarred hy the hi;at 
and the packing loses its Htmness. Metallii; packings a)'(i, in (;oii- 
S(J(pience, largely si|perseding vegetal)le hhre. The following is an 
analysis of a packing which stood weli in the piston-rod glaufl of an 
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is'us(‘(l ill pbice of tin the alloy is too soft, and the 
metal is for(;ed out of the “’land irf flakes. 

Sometimes suuli alloys are jilaced in the stuflin^^-hoAes, either in 
th(^ form of riii^'w or solid so“’ments, oi they are fixed as se^n-aents in 
sjieeial frames wliich are free to irove laterally so that no undue 
jU'essure shall be ])ut u[)on the rubbmg faces if the jiiston rod should 
not run (juite true. Such packings re({uirc regular and i^niod lubri- 
<‘ation, and the ])iston rods must be kept truly eylindrieal, or the 
metid will shell out of the j>’land and steam will eseajie. 

The most extensive investigations of white antifriction alloys have 
bei-n madi! by, Uehrens,M'har[)y,- and Haucke,^ from whose papers 
the following notes are take^.. ' % 

< 'harjiy considers that liearniiL!: surfaces should he hard if a low 
cot'llicient of friction is desired, ami the harder the surface the 
greater the load which can be carried bef<»re abrasion begins. But 
in ])ractice, owinti; to the irregularities in bearing surfaca's, contact 
tak('s ])lace at only a small number of ])oints, where the ])ressurc is 
(*onc('nl)'ated, and the W('ar and friction then become excessive. 
Hence a plastic metal which, under pressure, can nunild itself to the 
form of the joiiiaial and increase the area of the surface in contact is 
desirable. 

The I’esults of microscopic examination show that all the anti- 
friction alloys are com})osed of hard grains, embeflded in .a i)lastie 
alloy. The load is carried by the hard grains, which hav(' a- com- 
paratively low' coctHcieut of friction and do not easily cut. The 
})last’city of the alloy makes it jiossiblc for the bearing to adjust 
itsi'lf closely to the shaft, thus avoiding excessive local I'vessure. 
Such constitution may be produced in binary alloys, the hard 
grams being composed of a single metal such as antimony, oi* of a 
delinib' compound such as zinc antimonide, etc., but it is jireferable 
to use ternary mixtures because, owing to the com[)lex composition 
of the ‘(!ement,’ a constitution possessing the reipiinnl (pialities may 
be more readily obtained. The co.istitution of bronzes is the reverse 
of that of wliite metals. Instead of hafd grains embedded in a 
plastic eutectic, they contain plastu* crystallites of copjier embedfled 
in a hard eutectic. Bronze, therefore, has a grcatc'r tendimcy to cut 
than the aniifriction alloys. When, from any 6aus(', tlu* liJm of oil 
becomes squeezed out from between, the journal and the bearing, and 
the metal becomes heated, white-metal wears rapidly and may fuse, 
but the shaft is^Jnit little affected. In the ease of bronze the 
portions rich in copp 'r adhere to the shaft,” as already mentioned, 
forming a rough sjiirface wlfich greatly increases the fri(;tion. ,, 

Bead and antimony do not combincji The eutectic a^foy contains 
13 per cent. Sb and 87 per cent. Bb, and is seen to be composed, 
wheii examined under the microscope, of very lino alternate lamellte 

^ Ihus ni Grfmfp (hr MiUtllr mhi Lr(jinm\<jrn. 

“ Bull. Soc. il' Bnrounigt mcnt , .lune 189o, and Mctullographist, ii. (i899), j>. 9. 
^ ([cf(illogra})histy iii. (1900), p. 4 
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of load and antimony. Other alloys contain either irce leao' or free 
antimony embedded in the euteot'c alloy. The only alloys of load 
and antimonv which can be used in j)Laeticc as antifrict^ 'o metals 
are those coiitainin ; from 15 to 25 ])er cent, of antimony; alloys 
richer in lead arc k > soft, and have a tendency, to cut, whilst those 
richer in antimony oecome lu’ittle and are liable Lo break under 
a heavy load. 

Load and tin do not combine. Their alloys are alw.ays composed 
of crystalline needles, either r-f lead or tin, embedded in a eutectic 
alloy containing abf nt 38 per cent. I’b and (>2 per cent, Sn. The 
maximum compressive strength is found in the eutectic alloy itself, 
which is the oiy) in which the const tuent metals are the most 
finely divided. 

Antimony giratly increases the compressive strength of alloys of 
load and tin. In order to avoid brittleness, the jiroportion of anti- 
mony in the alloy should not exceed 15 to 18 percent., and to obtain 
in these conditions as high a eompressiv^e strength as possible, the 
alloy should conta.in ladwecn 15 and DO per cent, of tin. All the 
teniaiy alloys containing at least 10 per cent, of antimony consist of 
hard grains, eom[)osed of a compound of antimony and tin, embedded 
in a ciili'ctie alloy. These alloys, therefore, have a similar structure 
to tlu' Imiary lead-antimony alloys, but the presence of tin as a 
constituent of the hard grains diminishes their hardness and also 
tlu'ir brittleness, and, as a. constituent of the eutectic alloy, increases 
its compressive strength. The ternary alloys are, thendoro, (Tarpy 
considers, sujicrior to the binary lead-antimony alloys as antifriction 
metals. The jjroportion of tin must exceed 10 per cent., but necul 
not ex ceed 20 ])er cent. The antimony may vary between 10 and 
18 per cent. 

Acc(U’ding to Dehrens and Baueke, white antifriction alloys of tin, 
antimony, and coiiper (which always contain a large proportion of 
tin) are conqiosed, morphologically, of minute malleable cuboids of 
SliSii.,, and brittle needles of (liiSn embeddt'd in a matrix or ground 
mass composed of tin wnitaining a jiercentage of copper and anti- 
mony which is greater the more rapidly the metal has lieen cooled. 
()f ail the alhiys examined by (lharpy, tlie one possessing the greatest 
compiv-sive strengJi without being brittle was composed of Sn 
83'33, Sb 11 '11, (hi 5*55, and (Jharpy considers that the best alloys 
should probably have such a eom])osition within 3 or 4 per cent. 
Ihie rate of cooling lias a great eilect on the size of tin? cuboids, 
and the compressive strength is greater the (piicfer the cooling. 

()n i Iding co})})er to lead-antimony aUoys the cop])cr is taken up 
by the an imony, forming, the compound SbtJuf, which crystallizes 
in vioiet-coloureij needles. The same compound also forms a [ijirt 
of the eutectic tf’ -oy, and the compressive strength of the metal 
increases. If too much copper he^dded, segregation takes place; 
the all jy then contains soni*: drops rich in copper, having the 
ordinary constitution of copper-antimony alloys, in the midsi^of an 
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ulloy rii^t ill li'au wliicli solidifies later and exhibits some ^^aiiis of 
SI) and Sb(lii^. I^yoiii the ftiet tlint tlie addition of copjier to alloys 
eontainin^ less than 13 per eent. of Sb dec.reases inst(*ad of in- 
ereases Ihe (•oinpn‘Ssi\e stren^i’th, it follows that tlie coijijhj >ition of 
these teniMry alloys, should vary oidy within relatively narrow limits. 
I>y afldin^ to alloys of lead and antimony containn in' from lb to 25 
])er eent. Sb an amount of cojiper not exceed in<j: ID jut cent,, it is 
[)OhSible to raise matc'rially the compressive stren;,^tb and to ])ro(iue,e 
s(»me alloys of similar eoiistitution to those of tin, i^oppi'r and 
antimony. TIh' (lu'mins de fer do rKst uses as metallic paelvin^^ for 
loeomoti\(' aiid^ tender bearings an alloy containing : — 


JiC.ul, 

. * 05 

Aiitiniony, 

25 

('o]>per, .... 

10 


|()() 


A few of (he antifriction metals given in Talile \(’\'I. contain /inc 
as a main constituent. Some of these allo^^s possess a very high 
compressive stiength, and the tin largely neutralizes the very great 
brittli'iiess of the zinc antimony alloys. They ai’e relatively ehea[), 
but (litlieiilt to iirepare, owing to the oxidizability of the zinc, whicT 
is said to be exaggerated in the preseiiee of antimony. 

(loodnuin, who has' been engaged for several years in the inves- 
tigation of antifriction alloys, discovered some time ago that the 
jiresence of very small (piRntities of certain metallie ‘ im[)urjties’ has 
a remarliable eflect upon the frietion.* The alloys in qni'stion were 
composi'd of lead, antimony, and tin. It was found that the addition 
of O’l ])er cent, of aluminium increased the friction 20 to 30 per 
cent, ; on the other hand, if a similar amount of bismuth were added, 
insteiid of aluminium, the friction was reduced. The curious observa- 
tion was made that whilst O'l per cent, of bismuth redueed the friction 
somewhat, and 0‘2 per cent, reduced it still more, if 0'3 per i;ent. 
were added the friction went up again und(^“ heavy loads ; and by a 
series of experiments it was found, as shown previously by American 
ex[)erimenters, that about 0*25 jicr cent, of bismuth gave the best 
result ; from this pi' 0 [)ortion up to about 1 per c,ent. of bismiith the 
friction immediately became much higher than it was with tlie best 
percentage. (Joodman states that he lias found that if the ‘impurity’ 
added to the alloy be a metal of smalh'r atomic volume than the 
alloy itself, the fricKon goes up, and if it be a ipetal of larger atomic 
volume, the friction goes down. As the result of long experience 
and investigation, .‘looilmaii informs us that pure lcaj[ is t!aie of 
the best antifriction metals for bearings w'orking under fairly constant 
loa'ds lip to about 500 lbs. per sipiarc inch. In t^h’e fiiction-testi>ig 
macJiine illustrated on p. 359 tW' test journal runs in cast-iron bear- 
ings lined with lend. 

» * f 

^ Third Rrpvrt to the Alloys Research Covimiitec (18t>5), p 289. 
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Wood and Hide, lo spur and bevelled gear >\e have A^itli 

line frieiion. Here, one set oi teeth in a pa'r of vvlu'els working 
together ih^'ften inadi' of some hard and dense wood, such as erah- 
tree, kornlK'am, i >cust or lieech, fitted into an iron frame, or eentre, 
in such a way tlia^ the teeth can he taken out and replaec'd with new 
ones when nmeh worn. Box, lieeeh, hollv, elm, majile, oak, liiekorv, 
canew'ood, snakewood and lignum vitie are also much in rc'cnu'sl for 
shaft hearings, etc. Of tlu'se, lignum vita‘, which will sustain vc'ry 
grc'at ])r(\ssures without abrasion, is, pc'rhaps, the most valuable, more 
espeekdly as it ks well under waiter. Such bc'anngs as those; of 
stern frame blocks and the gland in a ship’s side keej) tlu* water 
from entering,^ia\®i_' this w'ood let iifto grooves cut into hushes of 
hron/c. The strips thus let in stand soniewdiat above the metallic 
surface, so as to allow of a free circulation of water, and the grain is 
placed at right angles to the rubbing surface of the shaft. Lignum 
vitie, also, is sometimes used for hydraulic valve* faces, juvots, t'le. 
The circumstance that it works W(;ll under water is no doubt dm* to 
the fact that throughout the cells forming the woody stiaictui’e are 
distributed iTsinous substauces which act as lubricants, and, however 
much it maybe abraded, the surface of the W’ood has always a smaller 
su})crficial tension than has water, and, therefore*, is always sej)ara,tc*d 
from the metal by a lubricant. 

Jlhinoeeros hide is also largely used for gear whc'cls, as it wears well 
with small loads and runs silently. 

()(h,er Non-metal Ur Maferiali ^. — In the case of watclu*s and vc'ry 
light, continuously running machinery, which cannot be ri'gularly 
lubricated, hard steel pins running upon agate or jewelled bearings 
gi\e the best results. 

Mven for large shafts, stone bearings are oecasionally adopted. The 
natural stones suitable for this purpose are those which an* wholly 
free from grittiness, and soincwliat inferior in hardness to iron. 
Cy[)sum, jnire clay slab*, ])ure compact limestone, marble, and silicate 
of magnesia or soa])stonc (the last being the best) are those in most 
general use. Many soft rocks, such as sandstone, sandy liim'stones, 
and slates, are not suij,ablc, as they contain crystals of (juartz— a hani 
mineral which scratches and grinds down (;ven the hardest steel. A 
non-m tallic matciial for bearings, called ‘adamas,’ consists of silicate 
of magnesia, ground, calcined* moulded by hydraulic ]>ressurc into 
blocks of suitable hgures, and Imked. The advantages to be gaiiu'd 
from a lubrication ])oint of view from the use ol^silicate of magnesia 
result from its combifiing a certain greasiness of surfaci* with a ch'grei: 
of harciiess sufheient tcf secure the rcijirtsite duridiility. 

Several other mixtures ol solids have been introduced w'hich, it is 
claimi'd, run well on Iron or steel without the use of any li(]aid 
lubricant wdiatevfr. They almost jll contain graphite, mixed with 
t mie binding material. 

At pi iscnt it is only where, ^or some reason, oil or other lubricant 
is objectionable, that such antifriction materials are used*, well 
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(icsigiK'd :i|(l propcVly Inbricato-d surfaces having proved more reliable 
juid economical. • 

A solid licanug for shafts, etc., called ‘ carboid,’ has been introduced 
by Killiugwortb Hedges. It is said to consist of powdered carbon 
mL\('d with a certain proportion of steatite, with the twofold objc'ct 
of consolidating the friable carlum and decreiusiiig the friction. The 
‘earboid,’ which may be fixed to the rough surface of a casting by a 
special cement, lias lu'cn used for machinery for fine fabrics wliicb 
oil would injure, for the bearings of steam-heated cylinders, and also 
foi‘ such liearings as cannot easily be lubricated, bnwin, who 
determined its fraction coetticicnt, found that it followed somewhat 
closefy the laws of solid frictio. . , 

Aslu'stos is also largely used as an antifriction jiacknig for taps and 
valves. It ma\ be com[)ressed until it becomes dense and hard and 
capable of carrying a very considerable load, yet, owing to its fibrous 
nature, it holds togetln'r and forms a good smooth-bearing surface. 
The Lubrication of Bearings. — Before proceeding to describe the 
design and methods of lubrication of liearings it may be useful to 
give a lirief summary of the main conclusions arrived at in the 
chapter on the ‘Theory of Lubrication.’ 

Frirlioti ami Spt’cd . — It w'as show'ii in C!ha[)ter LV. that both in 
the case of cylindrical and flat surfaces, when the speed exceeds 
about 10 feet per minute and the lubrication is good, the resistance 
ofVered to the relative motion of ojiposing surfaces, owing to the 
viscosity of the iuterveniim’ lubricant, is approximately [iroportioual 
to the sijiiare root of the sjieed. At lower velocities, however, the 
frietioiial resistance follows quite diHereut laws. 

Although the conditions obtaining when the load is small (10 lbs. 
per S([uare inch in the case of ])lane surfaces and 50 lbs. wluai the 
bearing is cylindrical) are interesting from a theoretical jioiiit of view, 
such loads are seldom used in [iractice, except with very high s])eeds. 
We may, therefore, omit consideration of tboin here, and merely deal 
with such loads as have to be placed .ipou ordinary bearings, />. those 
wliK'h ('xeeed 40 ibs, jier si^uare inch in th(^ ease of jilane surfaces 
and 100 lbs. for journals. 

When w'c have to deal wdth w'cll lubricated surfaces and ordinary 
loads, the coeibcieiit of friction of rest is slightly less, to ji^flge by 
such experiments as are available, t^aii that of very slow motion, 
but with increasing speed a maximum is soon reached, beyond which 
the coellicieiit of friction rapidly decreases as the speed rises, until 
between 10 and 100 feet per minute is reachenl. At about 10 feet 
per minute, if the lula-ieatioi^ be good, it slrjuld be at a miidmuin. 
Diagram lig. 24, page 60, has been draw'^i to show the nariation of 
the coellicieiit of friction with change of s])ced. ^ 

Sloto-ajieed Lffhricalion . — The oil-films roiiiaiiiiiig^be.tw ecu surbices 
which have been pressed togefher, wdtbont tangential motion, for 
some time, arc merely superficial kiiision films. 'Fhey a^c in all 
cases c;exceedinglv thin. Indeed, so tbiii are they that the minute 
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irregularities of oven polisHied surfa'*,e£^}ire enablo/ to eiigl;^ in eacli 
otlier to soiiio extent. TJie greater the tliiclviui^s of tlio surface film 
sei>aratmg tl»e solids, the greater tlu oiliness oi‘ the lubricant is said 
to 1 m. a soap Hlai, for instance, wlncli lias eonsidet.ihie oilincss, 
proi);ihly lias a t’-ickness somewhat exceeding ten niillionlhs of a 
millimetre, and is stable in a Immid atmospliere. 

Our knowledge of the thickness of lubricating films, when they 
sejiar.ito solid bodies, is really very incomiilete ; but that tiny ai'c 
extremely thin, especiall}^ m tlie ease of mineral oils, is jiroved by 
the fact that thci is always considerable friction Indween e\eu well- 
polished surfaces at extremely low speeds. 

As, at very^iw Speeds, the oil iilui#is not sulliciently thick to kc'cp 
the surfaces apart, they abrade each other somewhat, and whi'ii this 
is the normal condition of working, tliey must be nnule of metals 
wliicli do not easily seize or weld together. In such cases the lowi'st 
coefficient is obtained by the use of fatty oils, wbieb ere geiK'nilly 
mixed with mineral oils. 

Jli(/lhsiwc<( Luhriration. - It has been shown that when tlu* speed 
of rubbing is eonsiderable, and the load not too heavy, t he mamu’r in 
whieh the friction varies wdth changes of load, speed, and viscosity is 
such as to prove that it is then wholly due to tlio viscous n'sistanee 
offered by the lubricant itself to motion, and is unaffectc'd by the 
nature of thi^ metals forming the rubbing uirfaeos. 

The fact that the friction is decreased by a tliickeiiing of the 
lubricating lilm has already been fully explained. As tlie oll’ect, 
liowever, is by no means self-e\hdent, we will illustrate the case by 
reference to a simjile experiment. A face plate is flooded wdth a 
rcasiyiably thie.k oil, and ut)on the oil-lilm is ]»laced another face 
plate of smaller size At the moment the oil is inclosed, the lilm is 
a tliiek one,, and the smaller plate may bo moved about with the 
greatest (!ase. As, however, the oil is slowdy pressed out from betwa'cn 
the surfaces the resislauee to motion increases rapidly, mid, if the 
upjier plate be a heavy one, tlie surfaces will, in a short tinus close 
together and cause a* still greater increase in tlu' fidction. From 
this it is clear that the thinner the oil-film the greater is the frictional 
resistance, ami vvVc verm. 

W1 en the ruhhiiig surfaces, whetlier j)lani or cylindrical, are 
maintained in eoustanl and relative motion, oil is forcibly in- 

truded, and a film is maintained between them which reduces fiiction 
enormously. The oliject of the engineer should, tlierefoi'e, he so to 
design bis bearings that this film shall he as thick and bav(* as small 
a vis(,*>»sity as jiossihlo. • Wlien these remdts are obtained, the frictional 
resistance* is very small, awd the W'ear nil or nearly so. 

Imperfect lubricatic n, >vc notice, results either from the fact -that 
the^st>ecd of ruV mg is very slow', that the supply of oil is restricted, 
"> 1 * that the weight upon the hearing is too great. 

Wh<«n it arisi^s from the first of these reasons, good results can 
only he obtained by making the surfaces that come into contacLof such 
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uiutcriul.s will not roadily ^eize or gall each other, and hy 
very oily lubricants. It is, liowefcr, to an imperfect supply of 
the lubricant that the greatest losses by fiiction can g<'i'‘.‘rally be 
traced. 

For many years it was the custom to put just as little oil upon a 
beiiiiiig as would prevent it. from running hot, eiainomy of oil being 
secured in the great majority of instances at the expimse of the 
machinery and fuel. Economy in the use of lubricants is also 
obtained by the use of grease, lait, as in the case above, with loss of 
power, for although greases tend to remain between the rubliing 
surfaces and forn^ thick films, they are very viscous or even jtiastie. 

However, more perfect methods of lubrication aie i^ow’ being intro- 
(buicd, and the advantages secured by their adoptiiui ai‘e becoming 
more widely a}>])reciale<l every day, for power users frequently kcc]) 
a record of the energy exerted by their prime movt'rs, and compare 
it with the energy actually consumed in doing u.'-eful work. The 
diircreucc is, of cnurse, lost in friction during transmi.ssion, and so 
great is this loss very often, that users of power and practical 
engineers are beginning to look clo.sely into the design of bearings, 
etc., with a view to securing conditions favourable to a low coellicient 
of friction. 

The sooner the fact is appr(‘ciated that not only have sinifile 
means been devised for^ supplying the lubricant in such a manner 
that the friction is reduced to a minimum, and that at the same 
time lubricants can be use(^»V(‘r and over again and not wasted, the 
sooner the old unsatisfactory methods will disajipear. 

It should be clearly understood that the jiossibility of niaking 
practical use of such devices as will give results comparable •with 
those obtained by Ileauchamji Tower dates fiom the introduction 
of mineral oils and of non-acid fatty oils blended with them. 

The original objection to re(>crimr bearings was that they reipiired, 
in the first instance, a large supply of oil, which soon became viscid 
and useless by oxidation, etc., and tiuit the reservoirs had to be 
freijuently recharged. • 

This olijection can no longer be considered valid, for good oils 
may now be obtained, a single charge of which can be allowed to 
work continuously for ten or twelve months ^dthout beo^uning 
objectionably viscid or acid. « 

I'hc pressure lilms produced by the trajqiingof the lubricant when 
the supply is good ^irc very considerably tliicker than siqierlicial 
tension' lilms. In a ] trticular instance, by ab electrical contact 
method, (loodman found that? a lubricating film had a thickim^s of 
one live-thousandth part ('0002) of an incU Osborne Keynf)]ds, from 
tlio friction of a particular hearing, estimated it to very, in diHerent^ 
parts, from 1)0077 to '000375 incli in thickness ('019^ to ‘0095 mm.). 
Kingsbury ^ experimented with a journal 3'82 inches in diameter and 
10 inches long, bearings and journal Infving exactly the same vadius. 
t ^ Trans. Avicr . Sue . Mcch . Eny ., vol. xxiv. (1903), 143, 
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The chords of the hearing surfaces vere 3 indies each^ the speed 
80 and 190 revolutions per nnnutc, and the journal was Hooded 
with oil.' «l>y measuring the displacement of the licavings, the oil 
fdm was found to have a mean thickness of from *00021 to *00023 
imdi under loads varying from 27 to 270 poundr per sipiare inch. 
Kingsbury has n ported^ later experiments made by the Westing- 
house Kleetric ;ind Manufai-turing (-o. at East Jhttsbiirg, in which 
the thickness of the oil-hlrn was measured at different s])eed8 u]) to 
1*200 revolutions (4710 feet) per minute. In this case the shaft was 
15 inches in iliaioeter, tlu; bearing 40 inches in length, flooded 
with oil, and the to*:al load on the bearing was 94,^R)0 pounds. The 
thickness of tl^t? oil film on the ‘on ’ s^idc of the bearing ranged from 
about 0*0019 inch at 470 revolutions per minute to about 0*00314 
inch at 1070 revolutions per minute. On the ‘off’ side of the 
bearing the him was found at all speeds to be thinner tlian on the 
‘on’ side, as was theoretically jiroved by Osborne lieynolds must 
he the ease with ‘perfect’ lubrication. Kingsbury states that the 
film thickness was probably greater than the above measurements 
indicated, owing to the flexure of the shaft. 

In the cha[)ter on ‘The Theory of Lubrication,’ the manner in 
which this lilm forms and thickens as the speed increases has 
been as fully considered as is possible without the introduction of 
advanced mathematical methods. 

As previously pointed out, the importance of securing perfect 
lubrication lias become more ai;d more recognized since the classical 
experinnaits of lieauchiunp Tower on the friction of lubricated sur- 
faces wore made. lie showed that the methods of apjdying the 
lubrfeant to the hearing in common use are often very imp(‘rfect, and 
iKtt only lead to groat waste of oil, hut fail to allow the bearings to 
make the bcft>t of what they do get. 

As is almost always the case with improvements designed to give 
increased economy, the introduction of ])etter designed hearings and 
lubricating arrangements has been comparatively slow, for, as wc 
sliall find, there arc mechanical diflicnlties to he overcome before, in 
all cases, the best re?,ults can be obtained, and the improved bearings 
arc not always tin' cheapest or the simplest. 

Tlicn, again, the designs of bearing in common use, and the 
methods of lubrication adopt 'd, have been the result of experimental 
practice winch did not take much note of the actual frictional 
resistances met v;ith, excej)t when they v\ere^so great that serious 
heating was caused* Unsc.ieutific methods have conserpiently been 
largf'iy fr.Howed, a cheap rather than an ecoijomical hearing being 
aimed atT * 

But it is ceft' in that in future the engineer will not be content 
with a bcariifg simply because* it does not run hot and give 
'trouble. His object., as we have said, will be to reduce the friction 
and Wear to a minimum, and* to enable the ]K)wer of his motor to be 
' Trans. Amcr. Soc. Mech, En<j.^ vyl. xxvii. (1905), p. 125, 
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expended •upon the work in fland nllier tlian in overconiiii<; iivoid- 
;d)le rosistanees. • 

Kvoii at the risk of appearing to emphasise too strongl} the value 
of th(' inai'} new designs which have been introdnce(l for securing 
perfecit lubrication, we shall illustrate ^oinc of the best and most 
larg('ly used of tlu'in for the purpose of showing the direction in 
winch design is now moving. In the immediate future there is 
(ivt'ry riiMson to <'.\poet that many improvements in detail Mill be 
introduiicd, end instead of the design of the rubbing surfaces of 
a machine and tlie method of application of the lubricant being 
regarded as of cAnparativcly little moment, thc}^ \vdll receive their 
propt'r shai’(' of attention by the draughtsman. St^im and other 
motors, etc.. M ill then bo less likely to give trouble, owing to over- 
heated or damaged bearings, than is now the case. 

In the discussion of his report on friction experiments, llciinchamp 
ToM'crsaid^ it scorned to him that the important practical inference 
is, that it is actually possible to so lubricate a bearing that, not only 
would metallic friction he altogether done away with, and thereby 
the amount of poM’('r lost by friction be reduced, but metallic Mg;ar 
ami tear would also be abolished. He would not say that such a 
result Mas actually possible in practice noM', but it was a reasonable 
one to aim at in meehanisin. By giving a profuse lubrication, and 
by having the brasses so arranged that there should he a uniform 
pressuri' all ovm- Ilnur surface, it was pohsible to have wear and tear 
between metal and oil, iiisto4in of between melal and metal. 

To a reduction in the frictional resistance of the machine we must, 
therefore, also add the iinu'eased life of its parts secured by the 
adojitioii of more jierfect systems of luhricatioii, and both of these 
advantages may, if we use proper blends of oil, be secured without 
increas(‘d cost or M’aste. 

Pimiiuui^for O/l-'/rays. -At high speeds, given a good supply of 
lubricani, of projier quality apjilied at the proper jdace, a layer oi‘ oil 
becomes trajijied betMX*en the rubbing sur^ices and completely 
sejiarattis them. Upon this film rests the load. The oil, therefore, 
is under very considerable pressure towards thc’v 3 cntre of the bearing 
surface, but as we approach the edges, the pressiire falls ofl^ and 
reaches z(?ro at the margin. This is no theoretical aHsiim])tion, but 
a fact mIucIi Ikuiucliamji Tower discoverSd by perforating the lirass of 
a journal, and connecting to the hole a pressure gauge. 

As th(‘ load is comjfletely oil-borne, the distril^ution of pressure in 
the Him dejiends upon the direction in M’hich the load acts. The 
formution of the film»)r pad of oil results entirely from tli^* visCous 
properties of the lubricaiut, as also docs l;he friction. When tlio 
speed of rubbing is slow, the lubricant is not between the'" 

surfaces 'to any great extent, and •Joes not form a Uiick sustaining 
film. In such cases, a lubricant possessing the property of oilinoss 

^ Second Report on Friction Kxperinients. Proc. Inst Mcch, Eng.. 1885, 
p. 64. 
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or grcasii pss, rather than \iscoKi4y, is h'ecessaiy, fatty oils pving the 
best results. 

The^liihrkjant is then k» pt between the surfaces becae ■ the oil or 
grease lihns powei fully resist rupture. Oil- ways, therefore, may be 
cut along those paT-t,b of the faces \Oiich are being forcibly pi-(‘,sse(l 
togethei’, and can be made of such lengths, and extend in such direc- 
tions, that owing to the close fit of the parts they will retain tlie oil 
fe<l to them. This cannot, however, be done with advantage when 
the speed of running is high and the lubrication ‘ perfect,’ for oil-ways 
cut along faces to the edges, or fr(‘m boles drilled wliere the pressure 
film should be, allo^w tiie oil to escape, and the siu faces then close 
togotln'r. y 

When the luhrication is ‘imperfeet,’ the sjieed of running being 
only moderate and the journal of large diameter, it is often very 
ditlieult to keep the hearing cool, oven if fixed oils of (ionsidiu-ahlo 
viscosity are used, in such cases, grooves, and souu'times inert! flat 
surfaces of small widtli, arc cut on the cylindrical surface of the 
journal. At other times, spiral grooves are cut round the sind'ace 
of the journal, or, perliaps, several short grooves are cut at different 
points of the eirciimfereiiee. These grooves carry tlie Inlineaiit 
l)('tw('en tlie ruiihing surfaces, and the latter, therefore, are pre- 
vented from becoming dry. 

(1. K. Ilefford,’ ]l.N.,has found that sucii a flat surface fih'tl about 
22° on the ‘idle side’ of the crank pin of an engine which :d\va}s 
rotates in the same direction gi%es good results. 

Such devices, however, except when the speeds arc low, only siu’ve 
to I’omedy tlie (jvils which result from imperfect luhrication, and slioidd 
not he usc<l in cases where the conditions arc suitable for securing 
‘perfect’ lubrication. 

In the casdof fixed luiichinery, the moving parts, in the majority 
of instances, rest upon the hearings, and run at speeds which admit 
of perfect lubrication. The Inhricants in these cases can ho su])plied 
through holes and grooves cut in the cap of the hearing, for the 
[iressure film or pad is on the lower brass. On the other hand, the 
axle liearings of rail 'ay vehicles rest upon the journal, aiul the 
Inliricaiit should bo supplied at the bottom or sides. Grooves in the 
ton brasses allow the lubricant to escape, undue wear takes place, 
and the bearings are liable to"' rim hot. Vertical engine main hear- 
ings are often subject to forces which tend to lift the shaft from its 
seat and force it against the bottom and tOf/ brasses alternately. 
Jn this case >ve require a pressure filip on the top as well us on the 
bottom i*’'riss, and no grooves should he cut in tither of them. The 
lubricant,' under such circumstances, must be applied at both side's of 
the bearing. ' 

In all bearings, Uic oil is intrudcil along th’e ‘on ’ side of the Ijrass, 
and is <\xpelled along the other three sides and ends. Fig. 96 shows 
a plan of such a surface, and the arrows indicate, roughly, the paths 
^ TliR PmHical E'tininr.fi.r. Isf, 0<*mhRr T) .S.tL 
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of Ujo oiU.lcross it. A portion of the oil escapes at the ends, the 
quiintity being largfi wlien the film is thick and the lubrication 
good, and if s(jme means be not advised for causing tiJi^ oil thus 
expelled to return to the source of sujqily, it will be thrown about 
and wastcid. Tn the majority of modern bearings guards are cast 
at the (lids of the pedestal, and the oil, as it is thrown into them 
from the collars on the shaft, Hows into a reservoir below tlie axle. 

Another plan (tig. 97) for ])reventing the expulsion of the oil 
is to cut oil-ways near the ends of the bearing, and, by Ix'velling 
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the brass, t,o provide channels along the edge to distribute the 
lubricant along tbe journal face. If possible, all grooves in the 
brasses should be avoided, for dirt is apt to collect in and fill them 

“]>• 

Iieauchain]) Tower’s experiments on the frictional resistance and 
loads curried by bearings with different methods of lubrication may 
bo recount('d here with ad^^tage, i^s they show in a very striking 
maniKM* how important it is to cut the oil-ways of bearings in proper 
positions. Several methods of oiling were tested by him. 

AVben tbe lubricant was supplied through a hole drilled ib the 
crown of a brass (fig. 98) wbicb rested upon a journal, and was 
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distributed by means of a groove parallel to the axis of the brass and 
extending nearly to tbe ends of the bearing, it was found that the 
journal would not r^n cool when the load exceeded 100 lbs. per 
sipiarc inch. It appealed that tbe bole and groove being in the 
centre of pressure of the brass, allowed the supporting oil-fibu to 
escape. This view was confirmed hy filling up the hole* with the 
lubi'icant and then easing the weight off the iouriiab for an iii.stant.\ 
This allowed the oil to S‘hik down^the hole and lubriActo the journal ; 
but immediately the load was again allowed to press upon the joiirna*!, 

. the oil rose in the hole to its former Sevel and the journal ♦became 
dry ; tiuis showing that this arrangement of hole and groove, instead 
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of being ii means of lubricating the ji .iriial, was a most . ilcctual 
means for collecting and removing all oil from it. 

In praf^tic", greater loads arc carri<'d with tins fault’'* ‘system of 
lubrication tlian tlu se experiments would seem to indicate the possi- 
bility of. Tliis, no (.ouht, results from the vibrations and side-play of 
the axle-box on the journal, and also to the imperfect fit of the brass, 
vdiich allows the oil to get out of the groove and wet the journal. 
Wlien the brass is a very good fit and the oil cannot thus escape, the 
bearings heat and give trouble. Small grooves, however, cut from 
the end of tin.' oil-way to tlie end of the brass will oftiMi ])ut matters 
right, for the lubricant (mii then escape at the ends .md reach the 
journal by a ciry.itous path. 

As th(‘ centre of the brass was obviously the wrong ])lace to 
introduce the oil, Tower resolved to apply it at tlie sides, where two 
grooves were accordingly made. They were mit parallel to the axis 
of the journal, as shown in tig. 1)9, and extended nearly to the ends 
of the brass. With this arrangement the bearing did not seize until 
the load renched 3S0 Ihs. per s(piarc inch. 

The arrangenu'nt sometimes used for locomotive axles was idso 
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tested. The oil was introduced through two lioles, one near each end 
of the brass, frciin each of whic.h ran a curved groove, as shown in the 
plan, fig. 100. 

This brass refused to take its oil or run cool when the load exceeded 
178 lbs. per scpiare inch. 

In many instances, sffch as locomotive bearings, sij)hon lubrica- 
tion has to be mainly d«[)ended upon, it being impossible to use tlic 
same oil over and over again as in the case of some bearings shortly 
to be d(' :ribed. To retain the oil as much as possible, and prevent 
its c.vpres.sion in undue (juantiti sat the ends of the journal, an oil 
groove may he cut as showui in fig. 100 a. 'J’hc lubricant is fed in by 
the siphon wdeks through the holes A A on th» ‘on’ side of the 
brass, and returns through the groove from the ‘off’ to the ‘on’ 
side, being thus used several times in succession. ^ When it is possible 
to use an Oil-pad below the ftxlc, the two escape grooves 11 !’> may be 
cut. The oil raised from the pad by the rotation of the journal is 
then returned to - ae^ pad by escaping through these grooves ; and 
is ’bus prevented from being w'asted at the sides. 

Pad I hriratiori . — Having tesoed siphon lubrication with oil-ways 
of various kinds, Ileauchamp Tower experimented with lirasscs wliich 
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had no oiJ-ways cut in thoin, tho hiliricant hcing supplied by pads 
pressed against th.. undersides of tho journals. Although the oil 
was oidy sup])lied to the pads by capillary action, and the journals 
were only just oily lo the touch, they carried li>ads of from 550 to 
5b0 lbs. per s(|uarc inch. The fricTioual resistance was also exc('ed 
ingly small. 

liaih or ^Prrfrrt’ Luhrirafioji.~\\hcu the lower side of the 
journal di])S into a bath of the lubricant, tho surfaea' is coxaM’od by a 
thi<dv film of oil whi(5h is carried against tho ‘on’ side of the brass. 
IJndiT vsuch c.onditions the lubrication is said to be ‘perfect.’ With 
tliis form of bibrication a journal has carried, without dillicnlty, as 
mueli as (>‘20 lbs. per S(]uare fneh. ' 

Tho extent to w-hich friction dejicnds upon the completeness with 
which tho exposed portion of the journal is ke})t wotted with tho 
lubricant is showui in Table XV., page 85. 

It is clear from these figures that improved methods of lubrication 
not only enable us to increase the loads on our bearings, but also to 
greatly decrease their frictional resistances. 

Tho oil-bath, it appears, represents the most ])erfect method of self- 
lubrication possible, and carries us to tlie limit beyond which fric.fion 
ciiniiot be reduced, except by mechanical methods of oil supply. The 
('xperimenta show that with speeds of from 100 to 200 feet jier 
minute, by properly ]jro portioning tho bearing surfaci' to tho load, 
it is possible to reduce the frictional resistance so much that the 
coellicient is as low as ^01. A coefficient of friction of 0’002 is 
easily obtained, and probably is often attained in engine bearings in 
'which the direction of the force is rapidly alternating. 

In the design of bearings of all kinds, the object aimed <it is to 
secure the conditions of bath lubrication ; when exam these con- 
ditions will not suffice, owing to the heavy load on Jje brass, other 
means liave to be adopted. 

Forre-Pnwp Jjuhrieafioii. — When, owing to the loads being execed- 
ingly great, or the speeds low', a pressure film cannot he retained 
automatically in the ordinary waiy, the best plan is to force the 
oil h('tw'cen the faces by means of a pump actuated either by the 
motion of the shaft itself, or liy hand. Of late years this method has 
been adopted in quite a number of iustanccs. Daniel AdamsDii states 
that, in one instance, a heavy shaft w iiich gave a pressure of 2200 llis. 
per S(iuare inch was kept running for years in this w'ay without any 
difficulty whatexmry the oil being pumjicd in by hand occasionally. 

This method of bib. Ication has also been found efiective for pivot 
bearings. Without- such aid, this form of bearing surface caiiuot be 
de})euded upon to carry loads exceeding 100 lbs. per sipiarc inch, and 
to carry even these loads it is necessary to make the surfaces ^of 
suitable material and to use ifatty oils of consid.erahle viscosity. 
Thrust-block collar hearings might also he lubricated in this x^ay 
with advantage. 

Forced lubrication should also be used for high-speed motor 



THE DESIGN AND LUHRICATION OF liEAF.NGS. 


4U^ 

bearings, when I he h.eat protlueed J)y friction cjiimot be c;trj*ijd away 
rapidly enough l)y the metallic parts and by ^radiation or water 
cooling. \j ■ iiould also be used where the bearing is a v^ry close fit 
to the journal and jraelically (?ncloses it. 

Lasclie’s experim* ots show that the heat cari’ied away by the oil 
siip])licd to a hearing is not iii direct proportion to the (piantity of 
oil, but that a small (piantity of oil prctperly conducted between the 
friction surfaces and caused to circulate between Iheiu for a suflicaent 
time to ac(]uii‘e a temperature approaching that of the bushes is 
more (‘tticient than a larger quantity wastcfully ajiplied. hi forced 
lubrication the oil she uld be applied to that part of a ''bearing where 
the frictional w(^-k or the surface pressure is greatest. 

Heating of Lubricating Films.— In the ciiapD'r on solid friction 
it was pointed out that the work done in keeping surbiees in relative 
motion is transformed into heat, and that the heat prodm^ed is 
exactly proportional to the wcjrk done. When the surfaces are 
sejiarate-d by an oil-lilm, the frictional resistance is wholly viscous, 
and the lu'iit produced raises the tcmp(‘rature of the lubricant. This 
increase of temperature may be very considerable, for the film is 
very thin, a bad condnc.tor of heat, and the motion of the lubri- 
cating fluid is direct. The heat })i\ dnced goes, therefore, to increase 
the temperature of a very small volume of oil, from which, as th(‘ 
flow is not sinuous, the heat csca])es hut slowly by conduction. 
Osborne Ileyiiolds calculated that even when the heating of the 
journal is very small indeed, and jthe c(xdlicient of fii(.*tion low, the 
temperature of the oil-film may be as much as lb" ¥. above that of 
the surrounding solid parts. In this way the fact that the friction 
of a jouTnal is not proportional to the speed is explained, for the 
heat produced in the liibrieaf iug film decreases its viscosity. 

The iiicn'asc? of friction with increasing speed is least marked 
when the lubricant is a mineral oil whose viscosity decrease's rapidly 
with increase of temperature. W. 1). Scott-Moncriefi' states that in 
some exjieriments made by Napier and himself, it Avas found that 
the friction increased with an increase of velocity in the case of 
vegetable oils, but deer ased with increasing speed with mineral oil. 

When the lubrication is ‘imperfect,’ the loss of visctjsity resulting 
from the heat liberated is not sufficiently great to compensate for the 
resulting thinner film and increased solid fricjtion, and the frictional 
resistance is, therefore, greater. 

The thermal units geifbratcd in a bearing [ler minute 

• 779 ’ 

P being the load on the bearing, fi^ the coefficient of friction, and 'v 
the su'-face velocb}. . ^ 

The heat thui developed in the film has to he conducted through 
the shaft and hearing. Uut the ^piantity of heat liberated may ^*e so 
great, and the lubricant, consequently, become so fluid, that k is 
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iTicapri}>i(* of snstainiog the bad, niid tlie‘rii1)biiig Giirfacos, therefore, 
close together and may seize. 

^J’ower’s exjx'rinients clearly bring out the fac.t, as yloO do those 
of (Joodmiii), that tlui greater the viscosity of the lubricant, tlie 
grca,ter the load a bearing will carry, provided tlie speed be not too 
hi^h. The s('izing, when the loads are considerable, owing to the 
rod(ic('d visc,(jsity brought about by increase! of tcm]»crature, is some- 
what more pronounced when mineral oils are used than it is with 
vci:('t.able and animal lubricants, for, as previously stated, the viscosity 
of lli(‘ lattei- oils does not fall oil' so rapidly wuth rise of temperature 
as is the case x-ith the former. On this account mineral oils which 
have, at ordinary tem 2 )erati#j‘(‘S, much greater' viscosity than fatty 
oils, can often b(! used without entailing increased friction. 

Admissible Loads on Bearings.— The conditions which determine 
the area, for a bearing necessary to secure cool running are very 
complex, and render it difiicnlt, if not impossible, to give even an 
emj)irical rule whereby it may be calculated. Koughly, we may 
take it that friction always results <!ither from actual abrasion or 
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from the viscous or plastic resistance of the lubricant. When the 
speeds are low and the loads heavy, the nn)re oily or greasy the 
lubricant, and the smaller the tendency of the surfaces in contact 
to gall and seize each other, the Luialle.r the necessary contact area 
becomes. The lubrication of a bearing i^ generally so imperfect 
with siphon lubrication, that even ii]) to speeds of 100 feet per 
minute the frictional resistance is often many times greater than 
that obtained with bath lubrication. At moderate or high speeds 
it is the viscosity of the oil which kcops the surfaces apart, for wear 
makes the radius of the brass somewhat larger than that of the 
shaft or journal, ai^[l the lubricant is trap[^'d botw^cen them. The 
thickness _ of the ftlio of oil is then depeud’ent upon the form of 
bearing surface prod\ieed by w^ear, and tins varies according to the 
conditions of running and the direction ki which the load acts. 

' AVith each change of load or viscosity the relative position^ of 
the brass and jouniabarc also jjltcred. With bgli ' -.loads, or viscous 
lubricants, lig. 101 show's the conditions obtaining, whilst with hejivy 
loads, or thin oils, the relative positKuis of brass and jonrnn#^ are more 
neawly as in fig. 102. Increasing the loud has the effect of bringing 
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the surfaces nearer tej^ethir uii the 'of?’ side, anil causing' tlieni to 
part on the ‘on’ side. On this aecount, althovjgh e\))eriuicnt has 
shown that i\ithin wide limits the friction of a juurnal r . i therefore 
the lieating effect, .s independent of the load, the local heating iiith 
great })ressures is g •■cater than with small ones, although the total 
heat produced is, in both eases, the same. Kor where the iilm is thin, 
excessive heating takes place, the rate of shear being great, and, more 
esiieeially when luiueral oils are used, the lubricant becomes less 
viscous, and, when the loads are too great, allows the surfaces to 
actually touch and abrade each other. It will he seen that iiicreasiug 
the viscosity of the Irhricant heyond a certain point, although it may 
prevent actual i^tras^m, docs not result iu decreased friction, lii'(;a.iise 
although the ti'udeiicy is to make the lilm more even in tliiekuess 
and prevent the surfaces from touching, more heat is liberated by 
the increased lliiid friction of the thicker oil. 

The eontlitlons, therefore, which determine the area neei'ssary to he 
given to a hearing surface arc, iu some measure, those \\hi(;li arise 
from the heating of the film and the nature (rf tlie metnls in contact. 
AVhen working under normal conditions the thickness of the Inhri- 
cating film should lie so great that tin* friction and heating cannot 
injure either the luin’ieaiit or the i letullie surfaces; but, as it is im- 
possible with many forms of oil supjily to guarantee a proper and 
perfectly regular rate of feed, and also wholly to ])revcnt the access 
of grit, etc., the bearing must he made large cnoagli to carry the 
load, should tlio supply of oil be slightly insullicieiib. 

However small tlio frictional resistance may lie, tlio lieat liberated 
must 1)0 allowed to escape from the journal and bi’ass as (piiekly 
as pos'dhle, otherwise it will aeeiimulate and so increase tlie 
temperature of the parts as to destroy the hearing. Hut, in practice, 
so many large* masses of iron are necessarily in contact with the 
lubricating film, and they expose such a large surface to the air, tliat 
in the majority of cases the brasses and surfaces in contact with 
them, including the lubricating film, arc not excessively heated, and 
the latter docs not lose fts load-carrying power to a serious extent. 
In the case of connci^ling rods and railw'ay axle-boxes, the rapid 
movement through the air (luickly dissipates the heat and enablcH 
compan/lvely heuvj' loads to ho put upon them, even when the 
speeds are high. 

Experimenting with a bearing the loads upon wdiich could lie varied 
easily, H. F. Moore ^ foiwid that the maximum %id per square inch 
that could be carried before the oil-film began to br^'iik down 
(indicat'd by a voltmeter in circuit between tl^o bearing and the 
journal) w^af'^^very closely iiiAcated by the following formula : 
p=7’47V^'j 

ill wliich ^ 

]} ~ pouiuls per sijuare inch, and 
t'-fectiK;r imnute. 

’ American 'Machmist, Sept. 24tli, 1903, ]». 1351. 
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Tins Will witli ])ath liibricoitioii and ol^linary machine oil. With 
such a Ijcariii^^ lleiVicham|) Tower loiind that the frictional rcsistaiieo 
was iiidcjiciulent of the load and proportional to the sucare root of 
the s[)eed. Jt, therefore, appears that altlioii^h the additional 
wed^dug action of the lubricating film, due to the increased speed, is 
:iiea[)ahle of further separating the journal and bearing, and thereby 
decreasing the friction, the wedging action is capable of sustaining an 
additional load proportional to t!ie increased frictional resistance 
produced. 

Although most writers on lubrication art' of opinion that the area 
it is necessarvuto give the opjiosing surfaces of a bearing depends, in 
great nu'.isure, upon the liea' ing cHbet resulting' froj^n tl.'^ frit^tion of 
the rubbing surfaces, it is admitted that a satisfactory theory cannot 
he liased upon this eousideratioii alone, for the sustaining [lower,, of a 
hearing is often incri'ased hy using a more viscous luhri(!ant, iiotwuth- 
standiug the increased friction and heating the change gives rise to. 

If we assume that severe ht'atmg occurs only when, owing to a 
derieieiicy in tlic supply of luhricaut, the eoetheient of friction 
hocoincs iiiflepeiident of the load, the results obtained by some 
fonniihe are in agreement, to some extent, w'ith jiractice ; hut it is 
ciTtain that many hearings would heat and seize long before the 
lulirieation became anything like so imperfect as to bring this about. 
However, eipiations diased on the assumption that the an'a of the 
rubbing surfaces through which the heat is dissipated sliould be 
])r()[)oriioiial to . the h^l develo[)ed hy friction give some results 
which deserve attention. 


Willi load W, revolutions N, radius of journal and coellicieiil, of fricHon 
jW|, the heat liluTatcd h\ friction 


-’rr„WNju, 

J 


(1) 


When the hearing coiiijdetely surrounds tin' journal or shaft, the area of 
(he surface Ihrongh wliich the heat <*an esca]»e from the film 47r/(,/) (li) ; 
<tiiedialf ])t*ing the area of the brass and one-ha^’ tilial. of the journal. 

'riie lirasses of modern journals and shafts are, how eve, r, seldom madi* to 
loneh the surface which wanks against them o\v-*r mon' than oiie-rifth or 
even one-tenth of the circuiiih'rence. Making a the length of tin* brass in 
tin* dii't'clion ol motion, and h its width, the area rfi the surfaci. through 
which the heat can escape = a 

If 11 Ik the number of units ot heat it is allowable to dissipate jier unit 
of area in unit of time, then 


j,\ WN/t,2ir/*„ 

, 1 .) 


. (») 


< 

'■ (1) 
x 

.,^H.Ibi + 2T/-„) 
N/t,a27rr„ 


. (f.) 


Writing 
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Tins imjilif's Unit liihiii! iiileusily |»ivssure virit'S {is N^u,, 

and may bo greater the givaU‘r Ibe 'eiigtli t is mailf as (•,om]).aivil will) «, 
o11t(*i- coiiditious being tlie .same. It partly on fiii.s account that the. 
bi'aring lavis.s, ^ of r al way \ eludes are made long ami narro'- The small 
load-sn.slaining (•a])a('ity of ]nvot and collar bearings is also ]>ai'tly to be 
a.sciibed lo tli(‘ hiiialb issof Iheir heal- lissipating, as C( mpared wath their 
heat-]iroducing, .surfaces. Slijipm- blocks and worm wheel.s an* betler (»11' in 
this resjiect, and will run satisfactorily at much higher speeds. 

As no reall\ sal istaclory method oj (Micnlaling the area that shonld be 
given to bearings of iliirerent kinds has been dev isi.‘d^ ^\e give, in the first 
])art of Table XfA'^N. ihe loaiK per .sipiare inch which are generally 
con.sidejvd saf(' to use. Tdiis tabh* will .serve to .show how gi’eatly tin* 
admissible toad va -u',- .n dillerent case.s, and may be Used with coiitideiici* 
if dm* allowance be hiade for cases in .Inch speed is e.xcessive. 'Phe 
figures for ordiimry bearings for shafling in the second jiart of the table 
are 'uvmi on Ihe authority of («. F. (Jharnock ' 


Tvni.i] X( Adi.— AnMissinMc Lovns (w UKAiUNn.s, 


I)eseni»lioii of licniiii}?. 

liOiiil ill Ills 
)ici Biiuiire incli 

Hard sleel hearings ou wbicb Ibe h)a<! is intermitleiit, such 


as the ciMiik piii'' of slieaniig maci.mes, and wiast j'ln.", . 

:10()()-1(K)0 

(’rank pills ol beav> locomotivt's, at starting, . 


(.’rank jiins of heavy locomotives, at 00 miles per hour, 

1700 

Droll/, e c.ross-hcad neck journals, 

1200 

(h'ank jnii-' of large slow eiigine.s, 

H0( 1-000 

Crank pins of marine, eiigiiie.s, . • . . . . | 

100 bOO 

Mam crank-shaft hearings, .slow marine, . . . 

(100 

Main crank-shaft hearings, fast marine, . . . . j 

PHI 

Railway coach journal.s, 

:i( 10-400 

Fb -wdieel shait journals, | 

150-200 

Small engine frank pins, 1 

150- 200 

Small slide hloe.ks, marine engines, 

loo 

Stationary engine slide hloek, 

25-125 

Stationary eiigim* slide block, usually, . . • • | 

:io ()0 

lh-oj)elh;r thrust hearingij, 

50-70 

Shafts in ca.'.t-iron .stejis, liigh speed, 

15 

0 •din.irv hearbigs for shafting 


\\' rough t iron nil cast iron, ! 

WriHight iron on gun-metal, 

250 

:joo 

Mild .sU'd on cast' iron, 

;{oo 

Mild steel on gun-metal^ 

0.70 

Mild steel on white-mftal, *■ 

.500 

Cast s, eel ou gnii-metal, 

• ooo 

’ 



In the case of ' lano surfaces, tin' coiuHtioiis whicli detennino the 
frictional rcd.si^v.xo!'' are by no iiiciinH so uidforni as those which 

‘ Ml cmfivra Wfore the liradfo) I Etwinerring Sucidi!,, 1905. Published by 
the Society. 
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(k*lL'riiiiuy llu' i’rictioii of cyiiiidrical bctyiigs. Iiuloc'd, the relative 
]K)r.iiioiis of the moving surhices, e^^n in tlie case of pivots and collars, 
vary \sith the direction in which the load acts, and the, sustaining 
power of the lilin is thereby greatly aflected. Ihit, even when the 
eojiditif/us are most favourable, the load they will caiTy, except at low 
speeds, is oidy GO or 70 lbs. per S'juare inch, and even with such 
loads the rate of wear depends largely upon the nature of the 
rubbing surfaces and the (jualityof the lubricant. 

' Fit of Bearings. -Unliliwj of /brns’cs. — AVherever j^ossible, some 
end [)lay should be gi'-eii to the bearing by making it rather shorter 
than the neck of the Journal or spindle. The faces are then free to 
move over eacfi other in a direction at right angles to the cirenm- 
ferenee, and grooving and uneven wear are theieb}^-pre vented. In 
nearly all cases where an attempt has been made to })reveut^,this 
lateral motion of the brass by making tlio journal smaller in Ihe 
centre than at the eiids, the device has bad t(< be abandoned, cir- 
cumferential grooves having been produced, and the proper formation 
of the oil ])ressnredilm prevented. 

When the brass is semicirenlar, the whole of its surface should not 
be allowed to (iome in contact with the journal. The nu'tat should, 
be cut away somewhat at the sides, so that the bi'aring area sub- 
tends an are of 45°, or less, on each side of ttie lino along wdiieh 
the load acts. This ynablcs the lubricant to get with greater ease 
to that portion of the surface which has to carry the load 

Light lu’asses are particularly to be avoided. Isot only do they 
leave little margin for \^ar, but they are apt to become distorted or 
fractured through the crown, just wdierc the maximum load is carriefl, 
and where the oil prcssure-fihn forms. When such a fractum exists, 
the oil escapes through it, and the carrying power ol‘ the liearing 
is greatly reduced. The load also pinches in the slides somewhat 
and destroys, for a time at least, that ditfereiic'' hevwecn the 
radius of the brass and the journal upon which eilicieiii Inlirication 
depends. 

Tlie harder the surfaces in contact, themioro accurately should 
they lit one another, for it is not until the faces are everywhere 
brouglit by wear to within a few thousandtus of an inch of each 
other iliai good lubrication can be secured. \V«iiite metalt^ on the 
other hand, are easily worked to a i5.oasonablo lit by hand, and soon 
wear to a perfect face. 

In the case of shafts and spindles the lit ^>hould never be a tight 
one ; enough clearance must be left for am oil-fdm of sidlicient 
thickness.* Some engine makers leave a cle’»rance of 0*0bl inch for 
each 1 inch diamettr of shaft, when tlu^ diameter is iK>t less than 
1 inch or greater than 6 inches. With this clearance, the bearings 
will not run hot when new, and soon wear to that^condition winch 
give,*? the best results. ' ^ * 

To obviate the evil efiects of strivns resulting from tin;, stresses 
macliines have to bear, long bearings should be so made as to have 


f 
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freedom to move vitli the shaft as it d;llect.s, otherwise th. pressures 
are apt to hecomo excessive at the ends. ^ 

Even wiion the workmanship is p:( od, it is well to riu' Mic maeliine 
in tlie first mstai ee at a moderate speed and load. This enables the 
bearin’? surfaces '.o bed themselv''s to^^ether pn perly and assume 
those curves whien are the natural A\ork]Mg ones. 

Worknuniiiliip . — Owing to a want of accuracy in the fit of lathe 
spindles, and the spring of the centres when heavy and badly-l^alanced 
work is being turned up, it frecpiently happens that erank-sliafts, etc., 
are made, the bjaring surfaces of which are not truly circular. 
Except in rare cases, this want of trueness is sure tw. cause hot bear- 
ings and give endlc*ss trouble. Indeed, liowever well a machine may 
be designed, If the parts be not accurately machined and properly 
put together, so that the contact surfaces shall slide or rotate 
^ accurately in their bearings, not only will there bo undue friction 
and w^ear, but excessive strains wall bo thrown on iioilions of the 
machinery, and numerous failures from overheating wdll be the ri'sult. 

To obtain anything like the elliciency and output which a niiichino, 
such as a steam engine, may be expected to give, good workman- 
ship is absolutely essential, for w’ant of accuracy of lit, and defective, 
lining up, thrown uj»m certain }ortioris of the engine loads which 
the draughtsman never calculated they would have to boar, and the 
effects of which the engineman finds it impossdde to coimteract. 
This does not give the machine a chance of getting into that condition 
ill wdiich the friction is almost wdmlly due to the viscosit\ of the 
lubricant, and only slightly due^o the actual contact of the metallic 
rulibing surfaces. 

JiuniMvi/ fh(^ Surfaces. — Lubricating films are so very thin tliat 
to allow' of their proper formation the rubbing surfaces must he 
exceedingly k^ue and smootli. To bring them into this condition 
before they are put to work burnishers arc frequently used. The 
hurnishiiig rolls arc pressed firmly against the surface of thi> journal 
or other part, and produce a very excellent ruhl)in^ Burfiice. W'lien 
the material used is wi^mght iron, steel, or even brass or hron/e, the 
compression of the metal causes it to Ilow' under the burnisher and 
become very much harder. Indeed, the surface hardness jiroduced 
may '»,■> comparable to that resulting from draw'ing wire through 
dies. Such a hard bright siyfaee will wear mucli lietter than an 
annealed one, and be less liable to tear or seize. 

KnrJomd Bearmgs.-^\i is now' becoming the practice, wlierever 
possible, to carefully ^irotcct all rublfmg surfaces by enclosing them 
in dusb-proof cases, wlrch shield them fe-oin grit and dirt. Too much 
atteiltion 'v’innot he paid t« this point in the design of all kinds of 
machinery, but it is esseiuial that the chamber in wincli the moving 
parts arc place^l .iiould be fitted wdtli ojienii^s wliicir admit of free 
/•cess to all the beifrings. * 

Chap, and spur gear, especiiJly, should be well.]>rotected. Cycles, 
for example, have all such parts, made as dirt- and dust-prt>of as 
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|)().ssilj](s^^he bejiriii^; surfaces arc thrrol^y onabk’d to ^vork freely 
on ('iicli other, and ijieir durability fls iniicli increased. 

Individual bearin^^s, such as axle-boxes for railway yejiioles, are 
also niad<^ dust-proof ; for now that oils which will nut siTiousIy ^nim 
or hecouie acid can be obtained, lubricants nia,y be used ovc'r and over 
aLijain, j)rovided they tire kept free from dust and dirt. 

TIk'I’c are ninnerous instances in which rubbing surfaces cannot 
easily be protected from air, water, dust, etc., and in wdneh the 
hd)rication c.annot but be im])erfect. As a rule wIk'U this is tin; case, 
neilber of the surfaces is made of a soft material, as grit, etc., may 
become imbeddvfl m the surfaces of the metal and act as cutting 
tools. Various hard substance^;? are brought into*'*e(juisitiun for such 
purposes; for the load to be cairied, the speed ol ruV;bing, and the 
prc'sence or absence of jars or knocks, have all to la; taken into 
account when selecting a suitable materia.1. In some cases toiig^i- 
ness, as well as luirdness, is of importance, whil; t in other cases a 
hard but comparatively brittle material will gi\e the best results. 



Cylindrical Bearings. — 7»//s// />Vfl, me/s,-- bight axles, spindles, 
(‘tc., ari' usually supjjortwl by bearhigs which completely sii. round 
their rubbing surfaces. Such bearings aia lathcr plain bushes 
threa.de(l over the spindle, or are coinpijsed of two jiortions which 
form an upper and a lower brass. As tlie weight, is on the bottom 
brass, the lubricant is suppliial through an oil-hol* drilled in^he top 
cap, and is spread over the hearing byyi longitudinal groove. When 
tlie shaft is a moderately good tit, the results obtained hv this simple 
form of bearing are excellent, for, as .\ill l^e seen from tig. 10, ‘1 
(w'hicb is not draw'ii V) scale), the uuiiular sj»a**e betw'eeii tlie shaft 
anil busli w*ill, if the ga}) be, not too large, b'‘ maintained full of oil 
by capillary forces, .i*iid tlie conditions of forking will appiroach those 
of bath lubrication. 

■ Wlum the Lad is considerable, the oil-film becojics thin at the 
point of iieai'i'st ajiproach on tlie* oil’’ side, tlie hibricant escapes at 
the ends, does not properly till tlic gap betwcim the upper ])i;iiss and 
the journal, and the lubrication becomes imperfect. The increase of 
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fricliou Urns brought abojt may bi* hv^iU wlicn ibo u[)[)t'rv brawsos of 
tliu main spindle-bearing of a foot lathe arc reproved. The fri<*tion 
will thL'n,le fomul to have inercaicd greatly, for th ' oil fails to 
propO"ly reach tii ' ‘on ’ sid(‘, and the bearing surfaces a])proach I'ach 
other somewhat el -sidy. 

Wacrluiw] />Vrtr^?f 7 .^‘.^ — As bearings of this Ivind have often 
to run for years without attiuition, tlie}’^ slioiild be constructed so 
as to retain, l)y the action of cajiillary forces, a small a,m(umt of oil. 
The bearing of a watch or clock pivot is sliown in iig, 101, The oil 
sink () is dee}) aii 1 narrow, and holds a considerable charge of oil, 
whieh is prevented from sjireading by the sharp angb' formed by the 
edge of the suiTou>>ding groove. A portion (tf the shouldei’ is also 
bevelled to f(#m a narrow recess in which oil can be stored. The 
b;y;k ta})er on the s})in(lle below the collar, and also the boss on the 
[frate, ar(' tojjn'veut, as much as possible, the oil from sjireading. 

Moans for retaining a sup})ly of oil are also provided when the 
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pivots run in capfied jewids. Such a l)earing is shown in fig. I Oh. 
Here! the charge of od is retained by ca|)illary force's lietweon the 
two jewels, whieb a|^)roaeh each other closely. One of these is 
})crforated for the- pivot, and the other is flattened to steady it 
laterally, 

yVuV /a/s.- - Til e» bearings or stcjjs used for the support of sliafts 
of any si/e arc, as a rule, looi^” y)ieces of metal lu'ld in |)osition by 
iron pedestals. Wiien the load to ho carried is very gieat, the 
pedestal is }>laced uppn a s()le-|)]ate, which sejves to distiMiiite tlio 
load over a sufficiently large area of masonry. It also^servos as a 
means of adjustment. In some casof.. howevci-, separate hearing 
pieces aro«'dis})ensed with f the step then becomes a poi'tion of the 
jicdestal. When this is the case, to enable any wear to la* taken 
up, and also to .icilitate tlie removal and ^xing ol the shaft, the 
; I'destal is fifted Vith a cap secured in jiositioii by bolts and 

^ FrL.on, Lubrication and Lubneants, in I{oroloijy,'‘uy AV. T. Lev, is, ]>}». 
43-59. 
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projccliouHT' \]y reducing ilui^lliickuotis packing’ pieces which 
ire placed beUveeii t^c cap and the pedestal, any slackness resulting 
froin vertical wear can he taken uj). Such a simple des'g.i is only 
suitable in cases where the speed and load are small. At one time 
the lubricant was nearly always supplied through a hole dii the 
centre of the ca]), and distributed along the surface of the shaft by 
two grooves which extended to within a short distance from the 
edges of the bearing. 

The (lifrerence between the diameter of the shaft and that of its 
bearing being very small, the lubricant, even if a li[}uid one, remains 
betw'een the surfaces in virtue of the play of surface forces. Tor 
liiK' sliafting and the main beaibigs of engines, ii]' u vvhicli the load 
is often very considimable, the ped(‘st.als are alwa\s so Hesigned that 
beiirings or steps can be rejdaced with new ones when mucli worn 

Even now' many very piimitive designs are in use, whudi not only 
cause lUH'dless waste of oil, but also of powei, for tlie friction 
coeflicient is much larger than it should be. The shaft, in the cases 
alluded to, runs upon a bronze bearing, and to prevent the lubricant 
running oH'at the sides, and being wasted, the latter is only supplied 
in small (piantiti<‘s. The proper lubricating pad or lilm is con- 
seipieiitly unable to form, and the faces are always, to some extent, 
abrading eael I other. On this account, ])urc mineral oils deficient in 
gn'asiiuiss give but poor results when used for such bearings. 

An improved jiedestal, shown in lig. 106 (p. 411), is now 
being very extmisively u^d. Only a short arc of tlie cap and 
brass are in contact, or nearly so, with the shaft, the spaces at the 
sides being occupied by felt pads kept moistened with oil from a 
siphon lubricator. With this arrangement, tlie frictional lossj.s are 
comparatively small. iJetter bearings even than these are now being 
brought into use. They are so contrived that the iuhrioint is thrown 
over the shaft is a continuous stream, forms a thick lu’uricatiug film, 
and is iigaiii returned to tlie hearing after passing into a reservoir 
below. Under these conditions tiic lubrication is perfect, /.fi. 
viscosity has free play, and mineral oils, wdth*a slight admixtun^ of 
fatty oils, answer admirably, if the surfaces he of the proper 
materials. 

In sucli bearings the lubricant is in continuofis circulation, the 
same charge often lasting for nearly tw^?lve months. 

Fig. 107 shows such a hearing, made by the Brush Engineering 
Co., Ltd., Loughhoroijgh. Here the pedestal /onus an oil reservoir 
b’oni which^the Inhnc'mt is raised by means ‘Of an endless chain 
sliiug upon tlie shaft, by wiiich it is kept in motion. Tlie Ipw'er 
part of the chain dips into the oil-bath and carries with it 
a thick film of oil, which is distributed over the top of the sha(t 
through the longitudina«^ oil-ways^ To prevent tjie (^1 being thrown 
about and thus wasted w\Ten it is expressed at the ends of the 
hearing, splashers are cast at the ends of the ))cdcstals, to collect 
and return the oil to the reservoir. . 
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Some oarc is necessary seleptirg .he matorial of wlii?> to make 
the oil-lifting chains, for the hihricant is apt become somewhat 
acid with age. iron, steel, or brass, used ak .io, work ’"<'11, but on 
no aeffouni shonll two varieties of brass or steel be nsed togetlier, 
one foi'* the pins m'.d another for Ju) links, as they set np electro- 
choinicaf action, which destroys them. 



In this design the bearing is a long one, stiitable for a high-speed 
dynamo or motor shaft. The brass(‘s and their east-iron supports 
are held in position by a ball-and-socket arrangement, w'hieh allows 
them i)erfect freedom to adjust themselves so as not, under any 
conditions, to tlirow' awkward stiKiins upon the brasses. 



A self-adjusting bearing which has some good features has been 
designed by (_I. F. Thompson, Tlie construcyon of the bearing is 
shown in fig. 108, A find K The step, as will be seen, supported 
on ring-shaped bearings or collars wlpii'h are turned so that the 
surfaces bj which they res^ on the plummcr-blocks are portions of a 
sphere. The lubrication is efTecteu by an oiling collar, revolving with 
the, shaft and^dtj,pjng into the oibwell belQw; the oil adhering to 
lids collar is scraped off, as the latter rfvolvcs, by a spring scraper 
at the«».op, and flows thence mito an upper oil well, from wl'ich it 
passes by oil- ways to the journal. . 
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Ill thc4>jarin^ inaiie by Thrtnms Pjirkor, /-Limited, Wolverhampton, 
bIiowii in fig. 109, tlii' oil is lifted from the reservoir by means of a 
loose ring threaded on to the shaft. In other case^ a 16f collar 
taki's the jilace of the chain or ring, whilst some makers of bearings 
place a lelt, jiad along the top of the upper brass, to act as a ktrainer 
for the oil. Tlu^ pedestal casting in such cases forms a splasher 
])roje(5ting beyond the bearing, and serves to collect the oil thrown 
out at the ends and return it to the reservoir. AVhen the speed is 
very great, the oil is lialile to be thrown oil* the ring oi- collar, instead 
of reaching the bearing. 

Laschc pointo out that ring lubrication for high-s[)eed motor 
bearings should only be used wiu'n the heat prod(i ed by tlic friction 
can b(^ sulliciently (larried away by the metallic parts and by radia- 
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tion or water cooling. In otlior cases, forced lubrication (see p. 402) 
should be (unployed. 

AVhen the abaft is heavy, it is well to mal-o the lower brass rest 
in a cylindrical seating concentric with the shaft, and to prevent it 
from rotating by suitably shaping the hearing surfaces of tl^; brass 
in the ea]). 'riiis enables the lower brass to bo removed by merely 
turning it round when the shaft has been lifted only a fraction of an 
inch. t- " 

In some instances, t!ic direction in which the load acts is not by 
any means a vertical pne, owihg to the strain’of a belt or some other 
lateral fonjo. The dividing lino between the brasses sho;^Vd then be 
lit tight angles to the direction of the resultant jjressure on tire 
journal, and, therefore, '.lot lioriz^jutal. i « 

The pnlctice of making d)ie brasses in three or more pieces is soiiic- 
tirncs resortiid to, As it enables the U-ear to be taken up ,litliout 
removing the bearing pieces. In many cases, however, the division 
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between the separate piece*; allovjs tl.c -iiibricant to escape ^jnst where 
the inaximinn pressure of the supporting film should be, whilst in nil 
r jch cases'tiie su^fjaiiiing pow<‘r is reduced and ihe frie.r , i eoetticient 
inereaseil. When there is only one brass the shaft can move into 
that position whici has been shown to give the lowest cocflicient of 
friction ; but when the bearing c(Uisists of two or more separate 
pieces of metah each bearing ])icce must be free to move somewhat 
and adjust itself so as to occupy its proper position with regard to the 
shaft, and each ‘on ’ edge must be properly lubricated. When such 
adjustments cannot freely take place and the load is considerable, 
the bearings givt a higii coetheient of friction and eas'ly run hot. 

For high speeds L has been found /advisable to make the bearings 
of large arcii, and cast iron is then often used, for the loads per s(]uarc 
Cl ^cch cases are small. The longer the bearings, the more 
nccesiiary does it become to construct them as shown in figs. 1 07 and 
108, so that no undue strain shall be thrown upon their ends if the 
sliafting should be bent or somewhat out of line. 

iMany high-speed bearings are now not only fitted \\ith two rings 
or chains slung on the axle and rotating with it so as to pick up the 
oil, but they have also small oil-pumps, driven by a cam on the axle, 
which deliver the oil on to the l)caring in a constant stream. Such 
extreme precautions against the possibility of a failure in the ju’oper 
supi)]y of the lubricant are by no means unwarraTited, for they ensure 
a low cocflicient of friction, and almost wholly prevent wear of tiie 
bearing surfaces. 

A, (if ho.reyfor Oil.— In the case of the bearings of railway vehicles, 
the brass or step rests upon the journal, and the load acts vertically 
downw.irds. The journal usually projects beyond the wheel, and can 
be enclosed in a dust-proof box fitted with a door at the front to 
enable tho con'dition of the journal to be ascertained at any moment. 
Hut on some locomotive engine bearings, the axle-box is placed inside 
the wheels, and cannot be designed on (piitc the same linos as railway 
coach bearings. 

Locomotive driving aRd trailing bearings are of bronze lined with 
white-metal, the lubricent being supplied by siphons fixi'd above them, 
in some instnnces an oil reservoir is ])laccd in the axle-box kco[), and 
a lubricating pad fixed therein, so as to press against the under-side 
of the axle. 

The method of cutting oil-ways along the centre of the bearings and 
making it a good fit at4he sides, which, in the c^ise of driving wheel 
bearings, is considereef to be the best practice, is not always followed 
in the casf* of other locomotive engine* bearings, {or the driving axle 
has to can} the thrust of*the piston as well as the vertical load. 
The groove, by, to Home extent, preventing the jircssure film from 
formjug, causes*/ be (g’own of the beiy,’ing to w«ar more rajiidly than 
it “therwise would do, and tends to prcvdit the side thrust of the 
connectmg rod from developing ^de play. The tracing wheel bearing, 
on the other hand, is cut away at tlie sides, the arc of contact ^heing 
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about 9Q, ,k«o as to give tlio free {jccessj^roni the pad to the crown 
of the bearing. Thq single groove aloiig t/ie crown is also sometimes 
re[)laeed by oil-ways, which cnclo.se the area over which thi 3 pressure 
film should forni. Locomotive engi. e n:Jc-boxes which are placed 
inside the wheels, and are not httwl with a door to enable ^thc pad 
to be easily got at and (leaned, have auxiliary siphon lubrication 
ap[)Iiances. Provision must be made in many eases to tahe the thrust 
due to th(' brake blocks by inaMiig the arc of contact of bearings and 
axle of suHicient width. Locomotive bearings lined with good white- 
nietal, and having an oil-wav a'Toss the centre of the brass, will carry 
J7o lbs. ])i'r s(p,t ire inch, the width of the step b('ing calculated on an 
arc of about 90^ « 

The most satisfactory tender and bogie axle-boxes are* constructed 
upon the lines ol those used lor the coaching stock, drawings of seme, 
of which will now be given. 

for raihvay velncles which have brake blocks on both sides of the 



wheel, and are, therc'fore, only subject to slight lateral pressure, the 
best practice is to imike the arc of c-ontact short, the brass long in a 
direction })arallel with the shaft, and to supply thelubri(jant by means 
of a j)ad [)ressed agabist the under-side of thef journal. 

An axle-box of this kind is shown in fig. J 10. Here, the lower 
portion of the box forms a reservoir for the oil, into which thick 
c()tton wicks hang from the pad. The oil rises in* the capilhhy pores 
and keeps the pa(l and journal well nuistened. The brass is a loose 
piece which, by lifting the box a short distance from the axle, can be 
taken out and examined wlum the door at thexfront is open. No oil 
grooves or holes of any kind are cut in the face* of this brass, as they 
would more or less pr<‘'e)it the* ])rpssure-film * from forming properly. 
To prevent the oil from escaping from tht- box, and to kotp out dust 
and dirt, the (h)or is made a good fit, whilst on the inside the axle 48 
graspeil by wooden shutters slidjpg in grooves. All fhe oil expressed 
at the inside edge of the biv.ss passes into the small auxiliju-y rescrv<?ir, 
and is picked up by the disc fixed to the axle and transferrcfl to the 
bearii'g l)y a wiper. 
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Owing to the fiic tl»at these boxes aro kept cool by be'n^ Drought 
into contact with ilio open air, and that there is a good deal of 
vibration and variat'Dii in the direction and intensity of the pressure 
between the surfacri, the bearings can be made to carry heavier 
loads thUn can stationary bearings of similar design, I’linning at 
equally high speeds. 

Tn this country it is the custom to make the steps of bronze, and 
to lubricate with mixed oils. It would seem, however, that when the 
bronze is replaced )>y a suitable white metal, pure mineral oils can be 
used and a great saving effected in the cost of the lubricant. The 
customary load put upon bearings of high-speed ve’ ides is about 
250 lbs. per sc^iare hich. lloxcs of this description, when used for 
locomotives and their temhu-s, work most satisfactorily when the 
sfirij'g rests u])on an ind(i])endent plate interposed between it and 
the axle-box. This plate is so guided that the axle-box may move 




independently of the spring and thus prevent irregular strains being 
placed upon the bearing. 

Grease — A fluid lubricant is only, as a rule, used for the 

axle-boxes of quickly-moving vehicles; for wagons, grease is often 
preferred, the frictiomd resistance at starting being smaller Avith 
plastic lubricants than with fluid ones. 

A gre^tse box, Ellis’ patent, such as is used on mineral wagons, is 
shown in fig. 111. Tn some rt.pects it resembles the box used for 
oil, but differs from it in the important particular that the lubricant 
is supplied through large holes near the ends of the bearing, the 
melting noint of the grease being such that if the bearing becomes 
a litth* worm the grease becomes fluid, and fimjs its way upon the 
journal. * 

Spindle Parsons has introduced a very ingenious 

beari’.g for slia^* running at such ^xtremely high speeds as 9000 
rev dutioiis per' minute. It is imixrssibh’' to balance such cjuick- 
ruiming shafts so accurately i/hat the centre of gyration shall 
coincide witli the centre line of the jonnial. To jirevcnt imdiic 
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proKsiire- boing put upon thd boarAug, aixl also the vibration which 
would result from ! making the shaft a somewhat loose fit, the 
inventor threads upon the shaft — one upon the olbt'a’ several 
bushes, the outside one of which fits the pedestal casting. ]>etween 
each bush oil-tilms form, which^ b« th-ir viscosity, damp' out all 
vibrations. All the bushes necid not be free t.o rotate. Those 
bearings are often used for the shaft of Parson’s turbo-motor when 
the speed is liigh, the oil being supplied continuously to tlu' bearing 
by means of a pump, which keeps up a constant (ureulation of oil. 



Fk;. n2~-Kmo-Si.iiid],.. 

Th(‘ bearing surfaces of imxlei'atidy high-speed s})indk.8 are nearly 
always coned, so tkat any wear can be taken nj) by moving the 
pedestal or spindle laterslly, and the surfaces upon which the 
spindles run are ofben made of white-metal.'' The best spindles are 
obtained by shaping them from hard rolled bars of stecf, the metal, 
in* this state, being flexible and of very even texture. v 

Tlie ring spindl(‘s nisod inotextile mills W spuming thc-finer 
counts of cotton and silk'' run in a hith of thin nii/icral oil, which 
enables sj)eeds of 10,000 revoluti(fns per minute to beSittained. 
Fig. 112A shows the eonstructioh of a ring spindle of the ‘flexible’ 
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type manufactured by Me^sis. Piatt ])ros. k Co. of Oldl.a.n. The 
steel spindle A, U' which are linnly attached tl e slec’’ i), 1.h(' cup 
C, whicli hoids ti '* bobbin, and the wharve I), winch reci'ives tlu' 
driving l)and, rotat -s in a perf<»rated tube or bolster K, in the bolster- 
holder I*r, whicli s fixed to the rail of the s] (inning frame. The 
brass oil-tube K, containing snllicient oil to nearly fill it when in 
position, is inserted into the bolster-iiolder from below and secured 
by means of the cast iron nut, 1 j, and a leather washer. The oil 
entering the tub dar bolster through the perforations keeps the 
spindle perfectly lubricated. The detachable oil tulie emibles the 
dirty oil to be emptied out and tlie tubes to be repleriislied with 
clean oil whilst the spindles are running, and without risk of soiling 
the yarn, bolJliiu, or rings. This only requires doing once every 
tbre.e or four months. 

AiuUhcr pattern of ring sjundle, mainifaetur(!<l by the same firm, 
is sbown in iig. 11211. In this type; of s])indle tiie lubrieaut is 
supplied through a front od spout, which also can be filled or 
euijitied as the spindle runs. 

Looi^r /b///c//s. — Loose pulleys, as a rule, arc merely bushed witli 
bronze, and nui upon aiamrately turned shafts, tlieir lateral motion 
being [irevented ])y the fixed juilley on one side and a collar on tlie 
other. Sometimes such pulleys are only supplied with a drop of oil 
occasionally : in other iustanocs they have screwed into them a small 
oil-cup whicli fce(ls very slowly. 

Smith’s self-oiling ])u11ey is shown in fig. 113. The lioss of the 
pulley is made of sufficient diamefer to give room for a large hush, 
which is eharnhered externally, so that, when in position, it provides 
a largo annular space for oil. The chamber is iuterruptiH] })y three 
perforated ribs, wliich serve to carry the oil round when the jiulley 
is in inoticu, afld to stitfen the bush. bVom this ch.'imber the oil, as 
it is carried up, passes to the bearing ihroiigb a numlier of radial 
holes in the bush, being prevented from escaping at the imds by 
two circular grooves having oil-ways connecting tliem with the oil- 
ehamher. The portion of the shaft iqKm which the pulley runs is 
thus regularly and auto natieally lubricated, and when supplied with 
a uon-gumiiiiiig, f u’ly neutral lubrieaut, only needs occasional 
atto’.tion.' 

1 'ariabir Jj)ad Boarinfjs. —Crank pins, cross-bead pins, and all 
bearings upon whicli the direction of the load is (piickly reversed and 
the bearing surfaces tlufcTby periodically jiarted, will carry lixtremely 
heavy leads. In sucli*cases the lubricant is drawn in biitween the 
surfaces ae vhey part, whilst the load ^remains oy the bearing for so 
short a time that the cil-film is only partially [iresscd out. Jhit 
these conditions df not at all times prevail, especially in locomotive 
engines, which ^'noc io start away w^th a hca/y load behind them. 
The bearings upon which the iro i or steel crank-pin is jiressed have 
consequci.tly, in such cases, to be made of veryliard wbiU' rm.tal, 
whicli will not squeeze out under the great pre.ssurc put upon it.* 
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It uiir tfiiot ije assumed, IMweN’er that the pressure on the eranK- 
piu is uioasured by that of llie steam on uhe nistoii, for, at (U’dinary 
runninii’ speeds, the inertia of the moving jtan, tends to e<jualizc the 
pressures on the pin very considerably. « 

The load on a crossdu'ad pin may be imuh' mueh gn'atcr tkan that 
put on a crank pin, tlie angular motion of tin cross-head and, there- 
fore, tin; woi'k done upon it, being mucli smalie 

A method of lubricatin'.' tiu' big-ends of locomotive e,onnceting rods 
is shown in fig. 114, Sneli big-ciid!; seldom run h*" more than two 
or three liouis without a sboj». and alarge oil rest -voir is not retjuired. 
The oil-li(jle ij lr,osely phig';’'’d vii'i a. numlii ' of woi d(‘d strands 
seeured to a twistefl wire sup| u’t. fljiun this injg, the lower end of 
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which rests upon a ])iece of sponge occupying a recess in the brass, 
so as lu be in contact with the crank pin, the oil sjdashes as tlie crank 
moves. Another method of supplying oil to the big end, d(!signed 
by H. dcssop, is shown in tig. llbc Here a loose ' central valve, 
having a very small lift, is phuvd in the oil-hole. This valve, except 
at vc-ry low spc'eds, is thrown from its seat at each revolution of the 
wheel, and allows a small ipiantity of oil tO pass to the bearing. 
Such eontrivaiices have been found to give -cry good results, as they 
do not easily liec.cme choked with scdiimi'nt or gum up..* 

*Th(? lubrication of the connecting-rod big-ends of high-sj^ed 
stationary engines, which have Jto work many hours without stop])ing, 
is generally effected frouf'a fixetl reservoir whicli supplies oil to. the 
bearings as tiiey -rotate. A comnic.i a]>pliance consists ef a ring- 
shajvd channel rotating concentrically with the sliaft. Oil dropped 



THE DESIGN LUBRICATION OF BEARINGS. 


421 


inside this ring is thrr .n ty cenyrifugal force into a pipe iirGinged to 
deliver the oil to the bearing through a hole drilled in the crank pin. 
Another plan is to fix a knife edge above the connecting-rod lubri- 
cator, in such a position that it strikes an oily pad once during each 
revolution, and wipes off the oil with which the pad is luoistencd. 

The eccentrics of steam engines work under much the same condi- 
tions as the entnk )ins. Owing, however, to their large diameter, 
the velocity of rubbing is greater, and they will not carry sucli lieavy 
loads. 

The reciprocating motion of an eccentric is generally so small, even 
when running, tliai ordinary siphon oil cups are easily filled by liand. 
When, however, the speeds are great, the oil is led ihrougii pipes 
lecding I'rom siphon lubricators to wipers. Tlie cecenti'ie straps of 
I'-eomotives are usually made of steel or iron lined with whitc-iuclal 
wbiclf W(,rks ii})on cast-iron sbeaves. 
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rin>^ with Ilrcjjmtrathui Afollou.— ln many cases pins liave to 
carry a steady load, and the surfaces only move ri'latively to cacli 
other through a small angle. In some instances, the load that ciin 
with safety bo jmt upon the bearing is only small ; a greasy lubricant 
niusi., therefore, be nsec^.uid the surfaces hardened. 'Fiie slow rei'ipro- 
cating motion of the surfaces, and the constant })ressiire n})on them, 
tends to expel the oil from the faces rather than to draw it between 
them. Such beari 'gs are by far the nnKst ditiicuU to lubricate and 
keep ill 'order, especially if every care lias not )>ecn taken to make 
them of such metals as will wofK well together. 1 f the oil be supplied 
by one groove running along the side opposite to that which carries 
the pressure, there is^^ery little chance of its .being able to spread 
itself i. /or the rubbing surfaces. Twm ]> irallel grooves, ctie on each 
side of th.. centre line or the loud, not ^mry far«apart, and arranged 
so that all parts of the surface shall be exposed to the oil riisting in 
them during somt portion of the motion, serve thei^’ jmrpose most 
SMtislaetorily. ■ • # , 

Plane Surf^e Bearings.— The principal forms of bearings of this 
description are slide-blocks, collars, and pivots. 

Slide Blocks , — When it is necessary to so coustraui a moving t>i'‘ee, 
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or uiiy |)<trL of it, tliat the uiotion s-hall ho one of tnaialation only, 
straight guiding suriaccs termed slides and slide-blocks arc generally 
used. Parallel link-motions, although they give a inich sinallei' 
cooilicieiit of friction when new, arc more complicated, and the etlects 
of wear are not so easily allowed for. 

The loads at which oil pressure- films can form on plane surfaces 
being only moderate ones, slide-blocks are generally of cast iron 
wording upon cast iron or steel. The slide-bkxdts are, however, 
soinetiuu's lined with gun-metal or white-metal when the sj)eeds are 
great. In Aineri(‘a, chilled cast-iron surfaces have heeii introduced. 
The chilling is effected in diagonal strips separahjd by I'cjually broad 
spaces of soft metal. This gives the surfaces thai degree of uiK'ven- 
ness which eiiahles the oil to he trapped and so keep tlie surfaces 
apart. Oil w.jys may he cut in long slide-hloeks so as to distrihut-j 
the oil over the surfaces and eiuihle it to reach the edges ; hut Us the 
latter, if pi'ojjorly cut, do not (|nitc reach the edges, the oil cannot 
n.'adily esca,pe. 

The loads carried by slide-hloeks range from 20 to 120 lbs. ]>er 
sijuare inch, aiauirding to the speed and the nature of the rubbing 
surfaces. At the lower jiressnros, east iron works well upon east 
iron, hut when 100 lbs. ])er square inch is reached, giin-melal or 
whiLc-nietal upon hard f^h'el must be used. When the load is light 
and the lubri(!ation good, the wear is very small indeed, cs[)ecially if 
the slide he a liorizontal mie and able to retain the luhi'ieant. 

Pngiiie slides are usuaTly made pljuic, but when the crank is not 
a iixturo it is well to form the slides so that their surfae.i's arc con- 
centric with the centre line of the cylinder. The cross head then 
has fn*edom to rotate with every change of angle of the (irank shaft. 
The lubrication of slides is best efh'cted by siphon cups or other 
drop-f('od contrivances, placed towards the ends of ^ti(5hr.rs, where 
the blocks pause, or only move slowly. 

As a support, for juston tail-rods, Messrs. Musgrave A Sons have 
introduced Uuckley’s device*, which is a shyavc rotating in an oil- 
hath. The rod rests upon the sheave, and the load is carried by the 
pin upon which it rotates. 

— Collar-hearings, unlike slide-blocks, which only 
serve as guides for moving parts, and only have to hear interinitteni 
loads, have, as a rule, to carry the thrust resulting from the weight 
of heavy shafts, or that produced by the pressure of the water on 
tlie blades o^ a sei’cvV. To enable them to caijy the heavy weights 
this entails/ the arc, is of their \qibbing surbmes must be large, for, if 
the faces are not tocactiially rub ag;iins^ e.ach other, and ai'c to bo 
separated by a viscous film, the loads per s([uare inch must be small. 
With thrust laiariiigs, and in cases where it is important thfit ^hc 
etlicicncy should he higdi, J)ath h hrication is resbrted*;;o. 

T(»wer’s e.xperiiuents on collar fjriction were made with very 
imperfect lubrication, only just sufficient oil being supplied* to keep 
the siirfaecs fi’oin seizim*’. I Jndpr\n^»li it. n.nnpiirs tluit 70 
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or 80 lbs per scjjuaro inch is the ••UmosI that cjiii be put apon such 
a bearing witii safety, ana when the speed is great even smaller 
loads than these must be used. 

The collars which carry the loads in drilling machines, lathes, etc., 
have suCh heavy h ads put upon them, that to prevent seizing, the 
surfaces are made of tlie hardest steel, have numerous oil-ways cut 
in them, and a*-e lubricated with good fatty oils. Small bearings 
witli hardened faces, su'di as the spindles of drilling machines, 
where the loiul is ^akcn olf occasionally, have steel faces which often 
work under pi'cssures as high as 300 lbs. per S(]u;*re inch, and, in 
exceptional cases, as much as half a ton per sipiare inch has been put 
on ri collar for a short time. 

To ensure flie pr()])or lubrication of tin; faces of the thrust bhjcks 
against* which screw-shaft collars work, the thrust block bices are 
cut away in such a manner that the collars are exposed in places 
and dip into an oil-bath, or press against an oiled [»ad. In this way 
fairly j»erfect lubrication is secured, provided the load be not greater 
than 70 lbs. per scpiare inch. However, as the ctlicioncy of a thrust 
block at the best is not high, the heat liberated is great, and the 
block must, when the bearing is a large one, be ke])t cool by a 
water j'acket. 

— Wiieii the thrust to be carried acts upon a 
vertical shaft, instead of carrying the load on collars the end of the 
shaft may rest upon a e-ircular face or pivot-bearing. This form of 
bearing permits of bath lubrication, for the footstep may bo so 
designed that it forms a vessel which can be kept full of oil. 

h'ig. 116 shows a bearing surface such as Tower used. The oil is 
adiuitti.'d through the centre hole and ])asses into two radial grooves. 
From these grooves the lubricant is carried between the surfaces, 
aud is expelled by the jiressure upon the pivot. The track of the 
oil varies at ditl'erent parts of the surface, a [lortion being exjielled at 
the edges. This sets up a continuous circulation of the oil from the 
centre of the bearing to the margin of the footste]), and up between 
the cylindrical portion of the bearing and surrounding bush. 

The only reliable exj eriments on the friction and sustaining power 
of ])iv( I bearings those made by Tower with this pivot. In 
tlieic exfieriments are given the greatest loads which he found a 
pivot-bearing would carry wit.uait actual abrasion of the surfaces 
taking place. For the actual results, see p. 70. 

Fig. 117 represents* a footstep-hearing somewhat similar to one 
desigiu I by Ford fsmith. Here the circulation is as shown by 
To\ve», biii, the actual bearing consist^ of four di^cs of hardened steel 
all perfectly free to revolvc*with tlio pivot. Through the centre of 
all four washers > drilled an oil hole, and radial grooves ari^ cut in 
the faces. Tho paswiges C enable ^le oil to circulate betw^een the 
washers and the side t>f the shaft. 15y using four washers, five 
friction .mrfaces are formed, and the lilms arc increased in number 
to the same extent. 
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This eirctbles the temperature of the films to be kept more nearly 
that of the masses 'of metal, and shonhi one liecome a little over- 
hojitod and tend to seize, the other faces move relatively faster 
and allow it to cool again. As a means of relieving any local 
pressure which might result from tlie springing of the shaft, it has 
been suggested that one of the loose washers should be made convex 
on one face, as shown, so as to fit in a concave face wn the opposing 
washer or ])ivot. 

When the ])ressiires exceed 160 lbs. per S(|uare inch, the surfacchi 
must be made of hardened steel working upon a similar face, or upon 
dense (;asi iror or bronze. Should the load per scpiare inch exceed 
.‘100 or 400 Il>s., a force ]uimp*must be resorted to, amj a (Hmtiuuoufi 
stream of the lubricant forced between th(‘ ])ivot and footstep. As 



Fm. 116. li.;. 117: 


much as 1 ton per square inch can be snp])orted by this means 
without any difficulty. ^ 

PiMonnnl Paclimjs . — The conditions under whicli tlie bearing 
surfaces of piston rods work, although the sio’faces are of cylindrical 
form, are very different from those of journals or shafts, for the motion 
is a longitudinal instead of a rotary one. It is seldom that'They are 
used as guides, the load on them betng restricted to that resulting 
from the devices used to take up the wear and kcej) the joints steam- 
tight. It is tile si id^ -blocks and piston liead #A’bich should be made 
to act as ^iiiidcs, and if these be not accurately fixed in line, or 
become a little locsQtby weaf, the packin*j will blow-, unless it is, made 
free to move later.i,lly with the rod. ^ 

In fig. lic>Js shown a form of metallic packing, known as^tho 
‘ Ihiited Kingdi)m Meeallic Pacl^^ing,’ which has giveivgood results ou 
locomotives. Split rings of white-metal, of triangidar section, ^re 
held in a brass frahie, which is free td slide laterally against a surface 
UDui/' which it is nres.scd bv the steam and a stroim surimr. As the 




THE DEsiviN AN.> LUBRICATION OF BEAKlNGr, 


425 


vvliiu)-rii(.tal wears away it is kiot in contact with the r>^ hy tlje 
f)ressure of the spring. Fiir such packings to w»'rk satisfactorily tlio 
lod must he (piit true, and free from shoulders at the ends, (lood 
lubrication is also absolutely necessary. It- is generally supplied by 
means of a small siphon or drop lubri- 
cator to a pad resting upon, or even 
surrounding, the piston rod, which 
is thus kept moistened with oil. 

Rolling Contac*^ Bearings.— y)(i// 
licarimis. — Although under the 
conditions of runnijig which usually 
o])tain in j)racticc well lubricated 
plain bearinjfs give good results 
and low coelticients of friction, yet 
undeii certain conditions better re- 
sults can be obtained with ball or 
roller bee rings. The former have 
a very extended use for all types 
of cycles, various kinds of clock- 
work, etc., whilst recently they have found a constantly (jxtending 
iield for use on motor cars of various descriptions. 

The eoolliciont of friction is not allbctod hy changes ('ithcr in the 
load or speed, and only to a very slight extent hy the viscosity of the 
luhricaiit, which only tends to replace solid friction by viscous friction, 
and thus reduce wear. 

In all cases wlnwe ball bearing are used, it is absolutely imperative 
that there should be freedom from shock, for a smart blow will either 
break the balls or destroy the accuracy of the surfaces upon whiidi 
they run. Failure to grasj) this essfiiitial fact led to considerable 
trouble when,* ill the early days of automobile design, attemjits were 
made to use ball bearings for supporting the axles of cars fitted with 
non-resiliont tyres. Since the general introduction of pneumatic 
tyres, which has coincided with a marked improvement in the ruami- 
facture of ball bearingif themselves, little trouble has resulted from 
broken balls on vehieh'S. Although the crushing weight of a ))all a 
(jiiartf’’ inch in di? ucter is as high as 5000 lbs., tlie load it will carry 
in genet al use without breaking is only about liOO lbs. ; the crushing 
load is proportional to the sqnhre of the diameter of the hall. 

The ball liearings of cycles are arranged to be as dirtproof as 
possible, and freijueiitjy are providiid with an y>l b;ith, these precau- 
tions . ’.lowing the belirings to be kept clean ana well supplied with 
the luOiiK..>ut. The ba’ls run on conhdt^o rfaces^ so designed that any 
wear can S’ 3 taken up bj lateral adjustment and an accurate tit 
secured. The '/all paths iil bicycles arc usually made coneave, 
^beir radii boiuu* so^icwbat larger ijian tliat^of the nails, the latter 
having :wo p««7nts of contact. When the* distance between tlie races 
is caref lily adjusted, and the* balls arc accurjikdy centred hetw'eoii 
the faces, the frictional resistaacejs that due to rolling only, a«d the 
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[>rcssiirt.; the balls is mcrvlv tliat dno to the load. If, however, a 
liearin^: is badl v designed or mad(‘, and tl?e balls work slightly out of 
posilitai, they jam, and the load upon them, and eonsyfjai'utly the 

friction, increases. Fig. 119 
.ihows a bicycle bcarhig with 
B ^ three points of contact, but as 

' a rule two only are employed, 

f illllB } although the type shown pre- 
jjjilin vents any possibility of the balls 
becoming displaced. 

AVitli motor car work no 
Kk;. ][y. ^ means of au, ustmeiit is usually 

allowed, for it is^ realised that 
when either a ball, or its race, wears, additional frndion is liki'ly 
b> bo set up, aiifl the best course is to change the bearing.^ The 
accuracy of workmanship and hardness of tbi' wearing surfaces is 
so great that little trouble is ('Xperienci-d in this way. It has 
bei'ii found most advantigeous for this class of work to employ 
so[>arate b('arings for taking up the horizontal and verti(;al loads 
respectively. The type used for taking the load of the car is usually 
similar to tig. 120, w'hieh lejiresents the ]).\V.Ai. ball bearing made 
by Messrs. Ludwig, Loewe cV:- Co., the radius of the race being, as 
with cycle work, somewhat greater than that of the ball. In some 
cases tlu‘ balls are allowed to touch one another, although this is 
impossible in the type^'^hown, as the balls .could not then be 
inserted ; the more usual custom,* and the better practice, is to 
keO[) the balls separate, either by placing them in a cage, or 
sejiarating them by springs and pads. This was first sugge. ted by 
(!onrad.^ The number of balls is limited to as many as will iill one 
half of the bearing, which is then assembled and the Iritis distributed 
by inserting the elastic distance pieces. In this way, all ()]>enings 
and joints whieh would be needed for the insertion of a larger 
number of balls are done away with and the perfect eoiitinuity of 
the races is not interfered witli. In order* to take tlui horizontal 
thrust, in some eases a V-shaped race is empjoyeil, wdiilst in others 
the usual radius shape is used, lu motor car eoustruetion it often 
hajipcns that a bearing has to resist both load and side tbru'sJ, and in 
this ease a single set of balls is iiol* satisfactory and a compound 
bearing has to be employed. A type of tins class is shown in fig. 121, 
which represents the.;p-a.ctico adopted by the flc^ffmami Aranufaeturiiig 
Co., wdio liav(' madt' a speciality of this work fot some time, 

Iio/lcr In cases*wRere tlie load fs steady, hut too great 

to allow of the nso (It balls, rollers arc iiAiw freipiently i^id increas- 
ingly used. The great advantage wdifch they possess over plain bear- 
ings for some purposes ^irises from the small fri|tiom\j resistance to 
motion which they offer a.t*V'jry mw speeds. This is a>ery important 
consideration wherit heavy stmeturoif, such as swing bridges, have 
^ Soffla paper by H. Ibss, Jour. Aincr.^Hoc. Mcch. Eog., vol. xxvii. (1905), 441. 
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to l)c moved, or wlierc any lieayy mj^bhino or vcliielo to be 
started and stoi)ped fre(iutiitly. ‘Oicat Pa’il/.tlie bio- ' . il at St. 
Paul’s Catliftdral, whicli Avitli its boadstock wei<,dis nearly l25 tons, 
has now been supp rted satisfactorily on roller bearuigs for over ten 



Fig. 120. 


years, and n- is stated that* the bearing is as good, atid the bell as 
easily worked, hf lieu first pul up. 

Til addition > ■ lh«.application of yn’s class •of bearing to shafting 
and sim lar pTuds of niaehinciy, it has during the past few years 
been emplo^^ed <ai vehicles of vft. ions kinds. In order that a roller 
beaiing may work successfully, it m essential not only that the wjllers 
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Hhouki l'c;<^)arallel in tlieinser^es, bvt that tlicn; should be no chance 

\)f their axes becoming any- 
thing but parallel with the 
axis of the shaft. 

Fig. 122 shmvs d: bearing 
ma<le by the l^impire Koller- 
llearings t’o., Ltd., in which 
the above-mentioned con- 
dition is provided for by 
fixing the rollers in a 
lloating gun metal cage 
which lYself slowly revolves 
round tin' shaft. d'he 
particular bearing sl'ov:n 
in tig. 122 IS for a siilway 
vehicle, and tig 123 shows 
a section of a similar one 
used on the passenger stock 
of an Knglish rail ay. In 
the latter illustration it 
will be seen that the end 
Kui. 121. Jlolfuiami lUll J’.o.iiiiig. thrust is taken up by a 

bearing plate, and it is 
essential that the rollers and the shaft itself shall be trin* in order 
that this thrust may n#! become e,\cessive. Koller bearings of a 
somewhat similar type are being successfully cnqiloyed on Iramcars, 
heavy motor cars, etc., and one great advantage which they have 
is the fact that they reipiire very little lubrii'ation, only sutheient 


Fie. 122. — Kinpire Roller lieunug. 

lubricant being needed to prevent the hearin/js from rusting. The 
first cost, and the ditiicullji;', 'in the past, •of preventing exci^ssive 
end thrust, iiave been the only obstacles preventing «t*iis type- of 
, bcviriiig from being very extensively iVlopted. 

lirtbe Hyatt' roller gearings roller i.'^.iiscd^ wdiicli is made 

of a strip of steel wound* into a coil or spring of uniform diame-ter. 
The chief advautftges claimed for Oils construction ai'c ihat the 
tluxiUlity of the roller eiiahleskit to adapt itself to any slight 
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irregiilantios in the journal or box, vhiM tlic hollow rolle'« swerves as 
an oil reservoir. ) 

The resU’js of a niimher of friction tests will', this luiler hearing 
were g^ven by Prof. A. L. Williston, in a paper read before the 
Ainericjfii tr^riety of Mechanicnl Kngineers in 1905.* In one series 
of tests, carried out for the purposes of a jn'oposed incline travelling 
roadway, the coellicient of frictKui of the Jlyatf roller bearings, casP 



Fie. 123. — Rnifnic Rollfi Rearing. 


iron bearings, and bronze bearings were compared. In order to 
iinitati , us far as possible, the conditions of practice, the shaft used 
in all the tests was 1*496 inches in diameter, the speeds varied from 
12S to r)«5 W'volutions ])er minute, the total load ranged from 1900 
to 8300 pounds, and the same grade of machinery oil was continu- 
ously fed to the bHaiiiigs under a head of about one, inch. The 
following results were olitained : — 



Avtstige 

Revs. 

Average 

Revs. 

Avt'l'iige 

Rt'vs. 

It • iTtgs. 

■ Killieieiit, 

per 

CoeJIieicnl 

j«'r 

('eenitiieiil, 

l)er 

... 

Friction, 

ijiin. 

of l^hictioii. 

inni. 

of Friction. 

niin. 

Hyuti I’ollers, . ^ 

0*0114 

f 1 

1 130 

0*0099 

302 

0*0147 i 

5sr> 

(Ja.st ii . >11 (plain), 

0%)IS 

128 

0*0592 ' 

' 302 

1 

0*p6s3 

410 

bronze (pit" ii), . j 

0*0576 f 

130 

o_ J 

0*0661 ' 

1 

520 

0*140 

582 


i\'^*the lowesCr>poc^, the cast-iron fl)earii^g8 'seized at 8300 jiounds 
pressure, and' the bronze bearmgs at 3500 pounds. At the !uiddle 

‘ Traits, /ivirr. Sac. Mrcfi. fJiii/inerrHj vol. .xxvii p. 409. 
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.speed, tl,ie*l)reiize l^enriii^^s sVized 5900 pounds. At the bi^djcst 
speed used, the ea^A-iroii l)eHriiigs seized at 5900 p(Mnids iiud the 
bronze l)carine:s at 3500 pounds. The rolJor bearings djd not seize 
at all in any of the tests. 

In a furtlici' .series of tests at .speeds of 1 Sf) and 31-5.,rev‘o]ntions 
per minute', the fii(;iion was measured uiuh'r very much heavier 
load.s (up lo 2.3,500 lbs.) ilian coidd ho earried l)y oil, her cast iron or 
l»ronze ])laiii bearings, a,nd proved tliat the.se iloxible roll(;r l)earings 
are specially advantageous when heavy loads are cneouutert'd. 


APPLIANCES. FOE LUBEICAT.DN. 


Needle, Siphon, and Drop-feed Liibricators.—Altliough t lie, old 
forms of lubricators are Ix'ing dispensed with to a large extwit in 
f.avour of more pc'rfeet automatic contrivances, .securing more or less 
perfectly the advantages of bath lubrication, it is unliki'ly that they 
will be (li.splaced entirely, for there are case.s in wliich the coii(lition.s 
of working are such that tlu^ lubricant cannot he recovered, and must 
be supplied continuously iu small (piaiitities. Slide bars and pi.ston 
rods are cases in point. Needle, siphon, 
and drop-feed lubricators lire largely 
iLscd for these and other juirposes, and 
for shafting. 

Thewm/Zc luhvlrafor shown in fig. 124 
consists of an invcrti'd glass reservoir 
with ])erf orated wooden stojipcr, in 
which a metallic needle fits ‘rather 
loosely. This needle rests upon the 
shaft. The nji-and down ‘movi'meiit of 
the needle, caused by the rotation of 
the shaft, slowdy causes the oil to be 
expelled from the reservoir, and allows 
its place to h(i® taken by air wdiich 
W'orks np past thy i.eedle. Changes of 
temperature are apt to cause consider- 
al)le irregularity in tTic working' of this 
luhricatort 

The {fiphon luhricafovy as used for 
lubricating a piston rod, is showui in 
fig. 118. It consists of a sliallow 
V's^rvoir in which the oil is stored, .and 
a central tulfc, leading to tke part to 
he oiled, ‘arid having ks upper orificb 
raised n little above tlv' oil surface. Through if-his ^ubc is passed 
a wick of cotton or wuwstbd, one end t)f whicii is iitViKicrsed in the 
oil and the othe?' c*nd hangs dowiiwa^'ds. Up the capillary spaces 
hotwciui the fihn's of llio cotton Of* worsted the oil makes its way, 



Fl(!. 121.— Nordic Luliriwihir. 



TTTE DESKN ANf. LUBKIOATION OF BEAUINGS. 4.‘>1 

and passirij^ down the liiljr, rta tl'o ca[)illaiies into a nuiuluT 
of small si})hoiis, which sh wly drain the oil out of tie*- reservoir, 
and tlniB Idhricate uhe opposing surfaces Ik-Iow. The tl 'ay of this 
action is fully dcserihed in the chapter on ‘Superficial Tension,’ 
1). 30. ‘ . ‘ 

The (frnjhfmf hdricator (fig. 125), made by Messrs. 

iMather iV. Platt, ^ consists of a small resiTVoir having a passage 
leading from the bottom, wh’cli can be closed 
by a taj) in which is a small valve which can 
be regulated as desired. The discharg(‘ orifice 
terminates in a noz’/ie protected by a short 
glass tube, which ( nables the enginemaii to 
sec the exact Tate of feed. Such lubricators 
are liable to bo stopped by hairs, mucilage, 
dirt, (jj^c., especially if the valve and outlet 
orifice be at the bottom of the oil-cup, and the 
oil be not strained. 

A romhiucd si(jhf drop-feed and siphon 
fuhrieaior is shown in fig. 120. The lower 
vessel, M, which has a small capacity, is pro- 
vided with the necessary number of siphon 
tubes (the one illustrateil has three) for con- 
taining the cotton or worsted trimmings or 
wicks T. This vessel has a hinged lid T, 
which affords a ready means of access for 
fitting and examining the trinimhigs ; the lid 
is kept closed by a spring. 

The lube U conducts the oil direct to the iioint of application, or, 
as in the case of an axlc-bo.\, to another oil-well of small capacity, 
from which otl is taken by further trimmings to the jiart to be 
lubricated. The droji lubricator, which delivers its oil into M 
through the sight glass (1, consists of an oil vi'sscl A fitted with a 
valve V, wliich is used to regulate tlie supply of oil from A to M. 
In the illustration, this falve is shown closed. 

To open the valve \ , the end of the spindle is raised, and, after 
turning it through the knife edge at K is allowed to drop into 
the groo^d which i.' cut in the top of the adjusting screw Jl to 
receive it. The flow of oil fcon. A to M is regulated by raising or 
lowering the luit P until the desired adjustment has been attained ; 
B can tlien be secured by tightening the nut (1. . The spring S is for 
the purpose of closing the valve when the knife edge is released 
from the g’’ tove in the top of the imt^jK- The seat of tin! valve Y is 
higher than, the bottom of the lubricator, thus forming a cavity 
which jirevents sod uiient from bfcing washed on to the valve seat ; tluj 
bell IT is provid i prevent suspended matters from settling on 
thc.valv*' seat.. A number of air holes, an; made in the top of 
the bell, -n 

‘ A. Jlowat, Eng. Pat<i/it No. 20206 (1893). 
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The \;aT^c is provided witlra loo!;i.e pin P, haviiif,^ a ball and socket 
connection ; the body of the pin fits the timall passage between the 
face of tlio valv(i V and the siglit tube, the motion of the •‘machinery 

or locoG otivc to which the 
lubricator is fixed '’causing 
the pin t(‘ vibrate and keep 
the passage' free and the 
su})piy of oil uniform. 
When lining A with oil, 
the wng nut D is un- 
siuTwe 'intil a nolo through 
it coiucuh's witli the hole K. 

With 1 he ordinary siphon 
lubrieutor tiu supply of oil 
to th(' beari.igs conlymally 
diminishes as the level of 
the oil in the reservoir falls, 
but with this combiueil 
lubricator it is kept prac- 
tically constant, and by 
varying the number of 
strands in the trimmings 
the lubricant can he dis- 
tributed to the various 
bearing surfaces in any 
proportion desired. 

Automatic and Mechani- 
cal Drop-feed Lubreators, 
— Lubricators of tliis type 
(lifiiT from /f,he ^foregoing, 
inasmuch as they arc 
brought into action by the 
movement of the machinery 
to b’hich they are attached, 
and they automatically 
cease L) feed oil as soon 
as the machiner5^ stops. 

Thrftl/all^fi an to mat ir. 
hihricator for loromotire.^ 
made by Messrs. W. H. 
bailey C^o., of Manchester 
127) has an inner 

chamber containiiig’a brass ball with coii'cavo seating. Loading from 
' the oil ri'servoii' to this inner chandler is a pa.ssago, terminating^ in 
the centre of tWo hall-^ulve seating. Another p;issage leads from the 
inner chamber, through the shank of the luhrieator,*>co the bearing. ‘ 
The tube leading f’-om the top of the waive chamber to the under-side 
of the lid is for the admission of air, and serves also for flushing the 
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b aring with oil, if required. Tli^' cone' Valve regulates th( supply of 
oil passing from the reservoir to the valve cliamlVu*. 

When the locomotive is in motion, the hall rolls loosely on its 
seating, thus admitting oil to the bearings. When the engine comes 
to rest, The hall remains upon the centre of the concave seat, thus 
closing the oil-sup])ly ])ipe. 

Fig. 12S shows a cylinder lubricator on the same principle. It 
has a second ball v'alv(' iii the shank, the object of which is to 
prevent steam from entering the lubricator. This valve has an 
upper and a lowei seating, the latter having line slots cut in it in order 
to a low the oil to flew ])ast the valve during the exhrust stroke, or 



Kjo. 127.— Tloylf.ill’s Auicrmatio Ki«. 128.— Tliivl (airs Automatic 

Lubricator. • Lubric:i,r-or (Hteam Cylinder Pattern). 


when si "mh is shut oft. When steam is admitted to the cylinder, 
the ;alve is forced against the npper seating and clos(‘S the passage 
coninnnMcating With the uppers ball-valve chamber, thus preventing 
the steam front entering the Inbricator. 

^ Oriopua’ Ajjht-feed luhrirafoi\ ma(^ hy Messrs. ?>. 11. 
Vickers V Sons of LeAis, is illustrated in sectioli in lig, 1 29. A is 
tlie oil chaiiiher, into the bottom of*wif^a;h is ground a gnn-metal 
spindle Ik Tu the spiiitle*are openings into which are introduced 
the screw" plugs V Ity" adjustir.J which the oil supply to eacii of-a 
number of beaniigt^ can be regnl;jtcd. Tln^ exact* atnonnt of oil 
wh' di Ct n fill *eaeli cavity above Jlio pliTg is discharged into the 
correspoi ding hearing at each ,’olrtion of the spindle, throtigh oiu; 
of t’.K' sight tubes H H, the air ttgbes K K allowing air to onte* the 
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cfiviiies^iRUliti spindle and tJiKc tliQ,plac(‘ of the oil which runs ont. 
Oil can he poured ('own these air ])i])es in.o the bearings, if necessary. 

The sj)indte is rotated by means of a ratchet C and lov^ei connected 
with a moving part of the engine or machine, and the number of 
revolutions of the spindle can be varied by means of a movable eye 
on the ratchet lever. The ratchet or lever can be replaced by 
friction (dutch or worm gear, if desired. A gauze screen, 0, j^revents 
foreign matter in the oil from entering the bearings. Lubi-icjators of 
this typo eftect a great saving of oil. 



Fio. 129.— Sleplnais’ ‘Octopus’ Sight-feed Luhrirgor. 


Mechanical ‘Pressure’ Lubricators. — Lubricators of this type 
su})})ly oil to any part of an engine under pressure, and to the 
bearings. 

Tli(^ ‘ Serpollpt ’ dglit-feed mechanical Inhncalory made by Messrs. 
ScliaiTer & Budcriberg of Manchester, shown in section in fig. 130, 
has a piston actuatc(i by a ratchet and lever to which ii’'"to-and-fro 
motion is communicated by means o." a double cam. The piston is 
provided with two slots, a longitudinal slot by which the oil is 
delivered successivvd*' to the different outlets Jonly one shown in the 
figure), and an obliipic slot by which the oil is'drawn into the hollow 
piston frorij the oil reserw^n (hiring the suction period. In addition 
to the working piston there is a second Shorter one he^d down by a 
spring, which serves to relieve any djtcess pressure. The tension of 
this spring caff be varjed, by turning the spindip pn^jecting through 
the stuffing-box to suit different feed pressures. The oil from each * 
outlet rises through a sight glass, which from two to eight are 
convocted to one lubricator and !?upply oil to as many bearings. 
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Another luhriciitor of this type, ii'scV niade l)y Messrs. 'lehiilTer 
Budonher^, is /OrooVe’s nif^'haitiral /nhrirafor, ; hown in l.'ll. 
The Jiitelict wheel S is rotMted in tlie nsn;il way by eoKii/etini^ the 



H^jrizoiital Section. 

Fig. 130 > • Sor))olU*i’ Sijdit-fced Mocliaiiieal Lu])iicator. 

• • 

Icve*’ fl 'ith affy snitable ])art of the e'^igine. The cylinder C, 
containin;; a plunjjjer K, is rofc/.ed by the ratclict wIk.u'I spiiidle. 
During each revolution of the cylii^ler the two ends of the pliieiger 






TITIilUnATION AND UmWlCkW^. 




alU'i’naU'lr-f'oiiuy in miibict \fitli tho projnctini*- end of tlio pin a, ami 
tlniH the plmi^Ljjer is^inoved to and fro, })^odncin^^ a ])iiiii|)in^^ aelion 
hy wliicli lli(' oil is altorna.Ddy drawn into the eylindcr '.iiid forced 



Horizdiitat Section. Vertical Section. 


Ffo. 131 .— Franke’s Mechanical Lubricator. 

« 

forward to the delivery. For this purpose tlic cylinder C is ])rovidcd 
with a. ]).issa‘^^c A which alternately communicates with the oil 
r(!servoir through tlie suction passage s, and with 
( ^ the delivery pi[)e 1) throu»,’h the passage (J. Jly 

[ turning the nut 0 the pm a can he adjusted to 

^ \’ary the stroke of the plunger K, so as to give the 

N I'cquired feed of oil. . «’*i 

*1 Grease Cups. — Aldion it is considered desirable 

, to use grease as a lubricant, the Stauffer ‘tell-tale ’ 

j; Grease i\A 1 'ijn’icutor Call hc rocoiriinended. This is shown in 
132. The rate of feed<^ is regulated by the 
h-rew O^j/.hfe small pistop D, being forced down 
I by' the spring, indicates when it is„pcoessar^ to 
[ screw down the cylkider A. 

1 *’ Pa^d Lubrication. — For the lubrication of journals, 

Fic. 13*2. wotdlen^-or feA pads, kept moistened with oil ^and * 
pressed against thii journal, are now largely used. 
Jonyjials or shafts should be kejit uniformly moist with oil, but 
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should not receive sucli a quanidy as *,o he thri wii out i: nny great 
volume at the ends of an '-adinary p< destal or . \le box, and wasted, 
liut wlien ])ro])er means are adopted for pivveiitiiii; laieral waste, 
the pads may he p: rtially immersed in the luhrieaiiU or may ol)tain 
their si?pp\y of oil ilirough wicks which dip into it. 

Even when the old methods of siphon luhrication are adopted, })ads 
are frc({uently used as auxiliary luhrieating contrivaJices, since they 
remain moist for long intei x.ds of time and keep the hearings from 
becoming overheatt 1 in the event of the sijdion wicks, or oil cups, 
ceasing to su]»ply the lubricant. 

So umpiestionahh' have been the advantages gain by the oily 
pad system of lubrication, that it is now almost universally used 
for quick-ruifiiiiig railway vehi(dos. Not only is the friction kept 
uidformly hjw and the consumption of oil remarkably small, but the 
numl%n' of heated journals has become almost a vanishing (juantity. 
(finite a number of the bearings illustrated in this chapter have the 
lubricants supplied by jiads. 

Fig. 110 (p. 110) shows the journal and axle-box of a railway 
vehicle lubricated in this manner. The w'oollen pad is attached to a 
light steel framework held up against the journal by means of light 
springs, and is supplied with oil hy means of cotton leeders dipping 
into a hath of oil at the bottom of the Kix. In the ‘Armstrong’ 
oiler the pad is made of a mixture of wool and cotton, and is 
])revented, hy means of Hijninn vita) studs, from heconiing ilattened 
and glazed through excessive pressure on tlu' journal. 

in place of the pad and steek framew'ork, the lower part of the 
axle-box may be lilled with a mixture of horsehair, w'orsied, and 
cotton. The elasticity of the hair keeps the mixture ojieii and [iressed 
against the journal, the eotto)! and w'ool soak up tlie oil from the 
bottom o<' tlie^box and supply it to the friction surfaces. 

Experiment lias shown that the more fully saturated the jiads, etc., 
are kept, the smaller is the friction, and that the best result is 
obtained when the journal actually revolves iii a hath of oil. From 
the descriptions of hecrings on jiagcs 410 to 130 it will he seen that it 
is possible to take advantage of the low frictional resistances which 
perfect luhricatioi gives without either incurring waste of oil or 
uiiuuo coiiiplicatiou of parts. At the present time, the scientilie 
design of bearings can peihr^-: only be regarded as in its infancy. 
But it is inevitable that, as the true principles of lulu'icatmii come to 
be better understood, the use of .solid or semi-fcjj)*.d lubricants will be 
largely given np, aiuffcrall qu!Aa moving inacljinery the oil-bath or 
its equivaJ'mt will bo almost universr^ly fed. ^ 

Pump C.- ;^ulation.-A insWd of placing a reservoii’ beneath or above 
each bearing, and allowing tbe^altcr to automatically' lubricate itsTdf, 
the plan is oftor a,doj|^ied of siqqdyin^thebeaiT'gsof engines, dynamos, 
etc , in 111 engifle housc, fi*om one or more Faised tanks into wliich the 
oil is pimped from a common ill, to which the viihricant gravitates 
as it runs off the brasses. By tbi^ means the oil is used ovLif and 
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over ;ind can be strained, clarilied, and replaced as desired, 

'riiis nu'tboil involv^'s tlie use of a ratlior,.iiitricate set of siipjdy and 
return pipes, and the Iwarini^s uinst be designed so that Ujw waste oil 
may be collecLvd without loss as it runs otl' the ste})s, slides, etc. 

In sys/pwt the oil is supplied to the beariijgs binder a 

sligld. pressure, varying in diflerent instances from a few inches to 
several ieet, but which is in all cases just enough to allow the oil to 
How freely through the bearings, from which it carries oit the heat 
generated by friction; it is then cooled by !i tubular cooler before 
being returned to tliem. As the oil is nowliere exposed to the outer 
air, but circuj^ites only in a closed system, it c dlects no dirt and 
dues not reipure liltration, bi^t circulates over ijud over iigain con- 
tinuously, the entire supply jiassing through the jouriials every few 
minutes. As instances of the astonishing economy of oil thus 
realised, A. M. Mattice, in a pajier read before the American Society of 
M(‘cluinieal Engineers,^ cited two 100-kilowatt steam turbines of the 
I’arsons’ type running at 3600 revolutions per minute, one of which 
used only 00 gallons of oil in six montbs, and Die other one 55 
gallons ; whilst at another jdant, consisting of two units rated at 
750 and 100 kilowatts res})eetively, only three bTfrrels of oil were 
used in sixteen months. The turbine steamer Virijiniaii^ according 
to Mattice, made four successive round trips between Liverpool 
and Montreal witliout any addition of oil to her tanks, and the 
supply was still not app^iably diminished from its initial figure of 
115 imjierial gallons. In this case the whole supply passed through 
the hi*ariiigs every four minutes. »Tiie figures ijuoted are, of course, 
tliosc for the turbine hearings only, since the line shafting had 
ordinary lubrication. 

In tlie Hffstevi of forced lubrication the oil is ])ump('d into 

the hearings under considerable jiressure. The illuslintioii, fig. 133, 
shows a Ijcllis A Morcorn engine lubricated in this manuer. A 
pump A, placed in the crank pit, supplies oil under [iressure to the 
main hearings, erauk-iiin hearing, cToss-head giidgeoii pin, guide shoe 
faces, and eeceutric sheave. Two sections tin; oscillating ])ump 
are shown. The plunger, closely fitting the pump barrel, is actuated 
by being attached to the engine eccentric strap. The jiumj) barrel 
is mounted on trunnions, and the oscillating im.tion imjISrted to it 
by the eccentric brings the p(^rt in 'llie eiieular face at the bottom 
of the barrel alternately opposite to the suction and discliargi; ports 
in the flxea portioir of the puiin). The pump is ke])t coutinually 
immersed in oil, and Jakes its supply of oil from' tlie crank })it through 
a cylindrical strainer, rot5^;^ \Vliich is wraj^ped fine gauze wire to 
ju'cveiit grit and dirt from getting into the hearings. , Jhe dcliv^ery 
branch of the pump is connected t6 a main supply pipe L, from 
which branch ^ipcs are led to nipples screwed ^through the cap into 
the brass of tlie main hearings. The inotlnxl of (Jfmvcying thuji oil 

1 Trann. Aincr Sod Mrc/i. Emf. fVol. xxvH. p. 469; ixUo Engineering*}ihylli\i, 
190G,n’ G21. ' 
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from tlio Liain bearings, anu the dire<‘tim of flow, are ckvirly shown 
in the illustration. ^ 

A circu’^irerentU'l groove C is turner! in the brass, f^. u whieh a 
radial nassage I), drilled in the shaft, eonduets the oil to a similar 
circiimfirential groo (5 K, in the craiiiv-piii bearing ; i4iii the groove 



in the crar.' -pin bearing t^ie oil is conducted 4jy a i)assage 11 and 
pipe K to .lie intr *'ior of the c*W.-head jiin, and thence by a similar 
a^Taiigement of (.irciimferential groove to the guide sJioe. 

i'he h bricatiw of*the eccentric ro€ and ralve rod pin is dealt with 
on similar lines. From the m^in .oil-pipe, a pipe is led to a pr ssure 
-gauge h reading up to 50 lbs. per sejuare inch, whieh shows^at a 



440 LUBRICATION AND LUBUICAJ^^TS. 

glaiKiD ;kvU>''ihGr the oil prousurc heiiig loaintuiiiod — the usual 
pi'ossui'c being fropi 10 to liO lbs. per fi^juaro inch. If tlie ])r(issui‘e 
in the liibi’icatiiig system of pi|)es be (on great, an oil-relkf valve M, 

(ixed on the ^'uain supl»ly pij'e, is shghtly opened, and i)e.mits a 
J r 




% i 1 ^ 

Kki, 18 f.— Tilslou’s Automatic Ra’ced Luljiicatnr. ^ 

t 

small (|uantity''of oil,, which has passed throi^di tlie pump, to be 
returned to the reservoir. •• * 

'iihloiCs auhuiiiific forrol Juhnc(}for^ shown in fig. 1^14, is an 
ingenious a})[)licauion of the samejirinciple to line shafting and other 
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bearings. A is the cast-iron beaming, N the sliaft, ( ’ an ee.5jnVrh*, keyed 
or screwed t ) the shaft, by the revoletion of wh ch tlid ))uni|) })hingcr 
F is retiiprociited. When tlie plunger is at the lop of its stroke, tlie 
oil in the chainb(.' 1) passes thri'Ugh tlie holes <j|into the sjiace 
beneafh the plunger, and is forced thence by the rfcnrn stroke past 
the non return valve 1 and through the outlet J into the space 
between the shall and hearing, whence it escajx's into 1) or 1)', to be 
puiujied over and over again. The leather washers iM M jirevent 
the oil from traveiung along the shaft and getting lost. 

Splash Lubrication. To secure the advantages i/f good Inbricatiou 
as well as to keo]‘ out grit and dirt, many kimhj^, of meehanism 
are com])letely eiwdosed in cases coi^taining the lubricant, which h 
th”Owii about by the moving jiarts, drenching all tlie exposed 
j abbing surfaces, and freely entering the oil-ways provided. In this 
wa}>noi only is the oil used over and over again, but jierfect lubrica 
tioii is secured, and, as previously jiointed out, jiartieles of grit and 
dirt are prevented from niixdng wutli the oil and grinding aw'ay tin 
rubbing surfaces. 

The eeiitral-vulve vertical engines of Alessrs. Willaiis A’ Jlobinsoii 
(hg. Idh) have the whole of 1.1 e moving parts enclosed in this 
way, :ui(J perfect lubrication is secured for all parts. The bed plaU 
forms a reservoir in whiidi is placed oil aiid w’atcr. At each revoln 
tion of the crunk the lubricant is thrown aliont th(‘ upper port'oii 
of the chambd', lulirieating the (umnecting rod ('lids, valve-gea,r, main 
bearings, etc. These engines may, therefore, be allowed to run with 
full load, and without a single? stop, for more than a month at ;i 
tiiiK', for the wear is exceedingly small, and all the parts can bo ke])1 
w'cll s ipplied with oil. 

Vertical gas and oil engines, including high-sjKH'd motor ear engines 
are fT\Hp ■n% lubricated in a similar manner, oil alone being iiscc 
in the e.liambers. 

Steam Cylinder and Valve Lubrication.- - (//ra,s'e f — (Jreasc 
eu[)S ai’e now seldom, if ever, used for lubricating steam cylinders 
for they are not capalTie of feeding suitable oils with tlit* necessary 
regularity, and it is nejw recogliiz(‘d that tullow", and greases coiitaiiiinj. 
vegeh.Me or anina 1 oils or fats, should not ho used in cylmdiu’s. A 
cup dofM^ned like" a grease cup may, liowever, he used as a read^ 
means of introducing a chafge of luhricating oil into a steam s]iae( 
against the steam ])ressure, and there are instances,,^ J^’hcn it ii 
advisable for this to 1^ done. ''J'hc usual desjjg’- of su&ra lulirieatoi 
is slwwn ill hg. Llh* j>y opening the l opcr tap whilst the low('r om 
is closed, the cciitraUglohe may be«'.i1ed wjth oil. v)ii shutting 
the upperoiap, and more or less (.opening the low'er one, the lubrieaii 
is allow'ed to into the strain space below', wdiilst the steam ffowi 
hito the glo^'^ , 

,Rosrje y^axer-displaceinmi 1 ubn('a{or*—\i bus been found mon 
convenient ana more cconofaical to replace 4iho above-deseribei 
. simple method by an automatic^ contrivance which null fe«d thi 
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ubricimt aW'vly, LIS it is ro<i!iire{i. One of the earliest anil most 
latisractory irlHrumenis of this class for Jocomotive engines is the 
lloscxK' ' lul)ri(5at<)r sliown in fig. IBT. The delivery j)ipe, which 
passes sonu! disU.nee into the stejiin pipe, must be of such diameter 
diat both the eU from the lubricator and the water rc'sidtinj; from 



• ^ « 

condensation can llo\f away freely along t^io bottom, and^ allow l|ve 
stey.m to enter along the \ippcr psirt oiithe bore. 

In many of these forms of lubricator designed for cylinder work 
the oil is disi)laced from the lubrRiato" by the woight^f a column of 
water produced by tjie condensation of jjtcam from the boiler or steam 
^ .lames Koseoe, Leicester, Jijpg. Patent No. 1337 (1862), 
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pipe. Shoulu Liiuiu, 111 LiiiK lonn oi •iiinricaior, »)C a '^rlicioncy of 
water resulting from a cheek in the rite of cotnicnsayor, the lubri- 
cator may e^nse t(j feed. When the boiler is suppliid by means of 
an inj .etor'air, as ^ ell as water, is thrown into the W)ilcr. Air thus 
introdfiCed, remains in the pipes leading to the lubri(j.tor, or even in 
the upper parts of the lubricator condenser, and by remaining there 
and preventing steam from entering, checks coiidensatiou and sto]is 
the teed of od. 

A pipe too small ‘ i diameter, or not having a regain r slo])(; towards 
the steam pipe, will become choked with the liipiid ind pi-event the 
lubricator working. 

d'he Roscoe iub^‘icator consists of^a chamber wiiidi can be tilled 



Fiu. l:3«. Fig. 137. 

« 


with oil from above. Near the top of this chamber is the delivery 
passag which ca. b6 opened or closed to any dcsii'ed (jxtent by 
means of‘<* valve. • riiere is also in the centre a vertical tube, the 
upper end of wliich is closed, »iid the lower end perforated to admit 
water or oil. Upon the vessel being filled with oil, the tul^ remains 
full of air until the delivery valve is opened, wli^ n, tho^'i'- am enter- 
ing tiu^ lubricator, \At(f air is compressed. Tffc steam timn rapidly 
condenses, and the wat'jr falls to the*b(^. ■f*n. So long As ihc engine 
is running, the delivery vAlvc is ^eft slightly Cpen, with the result 
that steam or wa .r slowly cntDrs the lubricator, and the oil slo^’ly 
f’uds its way fut. ^Should steam be shut (jti’, thc^ pressure in the 
lubricai or is 'rdieved, the air expc^ids iif the central tube, and a 
qiiantitji of oil is driven out f.htch serves to ki^ep the parts lubri 
,cated until steam is again turned on. The amount of opening which 



444 


I.UBUICATION ANIJ LUR1HCAN3|^. 

must bo by tlio driver to»thc dj^livcry valve; wlieu the lu'bricator 
is fixed on a \ monn^dve depends upon tbe nund>or of stops which 
have' to )»e jna(*V; by tbe train, the toinperatun' of the aif, and the 
extent to wliiehltlu' steam is throttled ]>y the engiiu' re^odaXoi* An 
exi)erieneed driver can judj^^e tliese points very satisfaetori^)', and 
obtain <;ood I'esults without waste of oil. 

Aidomaik Knginr (Jijiindar JAihrirafor. -A wati'r-displaeeinent 
lubricator of somewhat diflercnt type, made l)y Messrs. Seliafler A 
liiidcnbern, is sliown in tig. l.'hS. Here the 
steam enters by the la'iitral tube and the 
condensed water dis[)laee. the oil, which is 
tlius tfirced out tlirfui^b the same tulx'. 
The valve shown on the riglft serves for 
n'gulatin.i:^ the st(‘ain admission and oil dis- 
charge', whilst the opjiosite valve discl<arges 
the condensed water either outside, through 
a tap, not shown in the figure, or into the 
e.ylinder. This lubricator can, therefore, be 
used as a grease cup if reouired. It has a 
glass window on either side. 

Tor steam cylinders, fluring tlie last few' 
years, sight-feed lubricators havi' been very 
largely used. Of these bdiricators, and there 
<\^ numerous designs u])on the market, oidy 
a few can be relied iqioii to b'ed regularly 
und(!r all orinditions. A lubricator which 
meets these conditions fairly well is that designed by OLtewell.^ 
OUnrcIVi^ Lahrirafor, — Tlie valve A (fig. l.‘>9) can be 

opened so as to allow' steam to enter from a curnmt wdiieh p;iss('s from 
the boiler to the steam pipe through a T-piece screw^cd'lo tV'‘ nipple 
11. Tin; steam, condensing in (1, tills the whole of the lubricator 
with water, except tlic lower cduimber H, wbieb coiilaius the lubricant. 
The valve A, being left slightly ojicn, allows the waiter in (f to flow 
slowly into the steam pipe, and steam to ent?-i' the chamlaT to make 
good the delieieney, in the same way as the,^valve does in Itoscoc’s 
lubricator. When it is desired to feed oil, the valve C is opened. 
Oil drops, rising through the glass tube, enter the ehamilfr 0, and, 
wdth the escaping water, pass by the |1iug valv(' A. As the oil passes 
away, w /,?r descends through T and rises in 11. 

This liibra-ator hofo J;ecn found to work wel^ on locomotive engines. 
lA)r stationary engine work, however, it has been found advisivble to 
make some slight alteratidtRi^ * 

The lubricator may bo considered as a ^liosooc ’ eut ii'Ae two paxts 
and furnished with a sight-feed devic(?i which niako« it more easy to 
regulate. ^ ^ 

J)eelei/s Sifjht-freil LuhPiraior.'—Auo^hvr design -*wliieh will l^jed 

^ A. 1' Ottcwoll, Eng. iWiil No. 21257(1895). 

* U. M. Declcy, Eng. Patent No. 7281 (1892). 
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iliCHo j)i|)es<^\orc is si nonsisiiit^ilow steam, which can, ho^v^vcr, be 
stopped by cl(Vnpu: a '-ock on the boiler. « 

To lill the kiVsricator, the valve D is phiced in the position shown, 
Sind stosiin is tnitied on for a time. When the lubricsator luxs *00010x1 
somovlisit, Sind lh(s reservoirs ki and k sind the glass tiibe^G i(rc full 
of wsiter, 1) is (dosed by means of a handle, llefore sittimipting to 
fill with oil, tlic fitting must be allowed to cool (those precautions 
need only bo taken when the lubricator is now and (juite empty), 
A is tlion unscrewed, and all the water that will pass away allowed 
p to do so iiy ojK'ning W. Closing AV, the chamber F may then be 
charged with j^l. Steam liaving been allowed to p ss througli S and 
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the boiler. ITcre it condenses, and when the upptr port is^pen, the 
water enters K, passes down the port fiear the glass sight-tube, and 
then up gauge glass itself. This current of hot water serves 
to keep the ,.'.bricator warm — a very necessary feature when very 
viscous mineral oils are used — and also to keep'^'lie glass full of *clean 
water. Thobil can be sil^pVed at any dcsiped rate by opening C.' 
It is caused to How mainly by the difierendb in the head ^ 9 f the t^ 
privts in the side of the plug D, and 'as it escapes, from the nozzle 
into the water, it' forms, drops, which rise up the pentre of the glass. 
The rate of feed remains dbnstant, liowover much tffe 'conditions,. of 
running may vary.. This makes thf lubricator very suitable for 
h^ouY'tive work. 
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In (Uf^r siffJtf-f ml J If hrirciiorf fig. Ill, glass tubi? 

is re[)laced by a thick glass disc A, through wh.ch tl ^6 dro])s of oil 
can be s^ai rising up the tube ]>. Should the glaVis disc liecoiuc 
broke», tlie'chock-v.’Jve C is automat ujally closed by^jtoam and wat er 
pressufe acvtuig through the jiassage K, which enable the lubricator 
to continue working until the glass disc can be rejilaced. The drops 

of oil which rise up the tube 11 are 
discharged tlirough the passage 1) 
into the })ipe 1 0, through which a 
current of steam passes from the 
boiler to the cylinder • 

Tjierc are cpiitc a number of 
sight-feed lubricators in which a 
head of water is the motive power, 
and most of the arraugoments are 
so speciali/.ed that they are only 
suitable for (certain kinds of work. 

Itoifh'if ^ Ofrojerfor,* Jig. 142, 
made by Messrs. \V. H. Hailey & (t>., 
ac's upon a dillerent prineiph*. 










Fio. ^ 

Oil from the cistern 0 drops into the] cup f ) at a rate regulated 
tytne screw valve L, and passing through the valve F is inj^^seted 
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into tli^ cylindor at each Kiicco«s've ^»erio(l of lew p> ^^.lre by a 
current of hi^ii-pn^s'^uro stean- f»’om the mam ste*-, pipe which 
passes til 01 gii tlie iiijootor iU'A, directly »hto /e cylinder as 
shown by iln. arm At tlie jieriod of hi;j;li prf'ssuroin the cylinder 
the valJ'C h closes ..nd prevents the oil from returriil^^ This lubri- 
cator must be tixco on the onoiue cylinder and not on the stearn-jiipe 
or valve chest. In hori/ontal cylinders it is best fixed in the middle, 
and in vertical cylindi'rs on tlie top. 

Wiun^if pidim hihricalor, fi^. 143, made hy Messrs. Winn 

h ('o., is a form of displacement Inhricator in which tlie oil is 
supplied by the ]ircsM:re of steam on a ]»istoii. If consists of a 
cylindrical vessid A idled with a jnston J), a hollow p' 'on rod L, and 
a siglit-fi'cd firrai.c^Muent S. The steam 
inh't is at II, and the od outlet at K. 

rii^ piston 1) is packed with an 
asbestos rmg ii, held between a junk 
ring and the piston. 

To fill the lubricator, the piston 1> is 
puslied down as far a.N it will go; the 
ping K is rt'mo^c(], and oil is jionred 
into the eupf!, whence it runs dow . the 
hollow piston rod and through tlie holes 
M into the Inhricator, air being allowed 
1o escape (hroiigh the jilng N. After 
the plug fv has been replaced, steam is 
admitted below' the piston I>hy (opening 
the plug T. 

The amount ol oil allowed to pass 
aw'/iy is regulated hy the])lug K, and 
the ijuinbor ol%dmps jiassing per minute 
can be h.'c through the glass S, w'hieh 
is kept filled with w'ater, the amount 
of oil in the lubricator being indicate.l 
hy the length the pis. on rod pi’ojects 
through the stuliingbox on the top of 
the lidirieator. 

The ' can 1 drained fi-om the 
part of tlie cylinder under the*j)iston I), 
by closing the ping T and ope. dug the 
plug P. lly closing the plug O, the 
lubricator is isolak^i from the part 
being 1 dn’icated. , * 

There arc -i numher o'* cylinder lubricaiovs, iiflire suitable for large 
than for Siuall engine..., so d(#>igi.ed that a piston, actuated l>y,a 
ratc^’-et driven fro , ^he engine cross-head, delivers at each stroke of 
tl'^ engine a fief Tnte ipiaiitity of oil.® 

ri\e liox' {mprored ^ MoUernp') , made liy Messrs, 

yickers & Sons, fig. 144, is o.ie of these. It consists of a l^>wer 

29 
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vesoel to /'Oiitaiii tlic oil, fitted ^ with a hollow plunger \vhich is 
actuated by aiTaugcmeiit of ratchet, vvorni, and screw gearing. 

The long rLtcbethimi obtains its motion by being connected to a 
reciprocating ]j irt of the engine ; the worm wheel rotati's Hie plunger 
screw when tii w'ing nut above it is tightened, and re\;olv(j^ freely 
on the screw when the wing nut is loosened. With the worm wheel 
in the loose position, the plunger can be raised or lowereil by turning 
the handle at the top of the lubricator. 

To fill the lubricator, the wing nut referred to is slackened, and 
the plunger is drawm to the top of its stroke ; the lubricator can then 
be hlled, aft^r removing the cap covering the largi' filling-hole shown 
at the right- Land side, near the top of the oil vessel. 

Frip<l'inanu^i< imiup /uhricafor, lig. 145, is anolher of tfre same type. 
This apparatus combines in itsedf four lubricators, wliicli are com- 
pletely independent of one another. Each pump can he adjbisjted to' 
pump various (piantitics of oil, and, after adjustment, the supply 
becomes regular, and is entirely imafiected by the counter pressure 
w'hicli exists in the oil pipes. Consequently, a single apjiaratus may 
be employed for lubricating at the same lime cylinders undvjr jiressuixv 
and also parts of machinery whore then' is no pressure. 

Two ee(!entrics E and E', wliich are rotat('d by nu'.nis (/f the 
ratchet lever L, respectively cause the sedf-packing [listons V and Q 
to move up and do)\n. The [uston P draws oil from the vessel 1), 
which is nearly filled with oil, through O and V, and forces it 
through Z, into tlu' jiressure space K. The piston Q acts as a valve, 
closing Y before putifng Z into copiinimication with K, and on the 
return stroke closing Z before putting V again into communication 
with 0. Tims the jiressnre space is never in direct comnnwiication 
with tlie oil vessel, and it is, therefore, im])ossible for the oil contained 
in it to be drawn away, ,, 

The quantity of oil which is discharged at each revolution of E 
depends upon the stroke of the piston P. When the n^giilating 
screw It IS completely scrcwavl down, the piston forces out its 
maximum quaiitity (about [ gramme). If li be screwed up, the oil 
supply is 1 educed, and wlieii screwed up as far as the pin A will 
permit, the discharge is at the minimum. 

Each apptiratus is provided witli a strainer iwrangcd under the 
cover W, and the sev(‘ral cylinders are fitted with cylindrical 
strainc’’'5 K A removable wire X indicates the level of the oil, which 
should iiovk.a^ie alhwed to fall below the level of the aperture 0. The 
perforated jiliig ! sho’bs the height to which oil should be filled in the 
vessel. It j|lso allows air*to pais into the oil reservoir to take up the 
space of the oil jiiiUii'^icd out. A' drain cvjck M is used for emjitying 
jpd draining off any water which ma.y liave got into the oil vessel. 

The check valve V in connection with each pump is used tb.4ire- 
ve'nt steam or water of coiidensaoion from flowing hu,ck, if the fillfng 
of the oil vessel hajj been neglected. Steam can be passed tl^ough the 
pass^age U for the purpose of heating the oil during frosty weather. , 
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Fig. 14.^. — Fiie'lmann's Pump Lubricat<u- lur Locomotives 





\vhccl, to which a handle can be fitted for the piirpose of w^rkin^ 
the pump and fikiij<r tjio oil pipea as required. , 

Still another pump lubricator, made by the *Stcam Cylindei 
laibricator Co. of Manchester, and known as the Adams QniTidum 
sight -feed lubricator, is shown in fig. 146. 
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This fabricator comprises a A, containbi^ the 'Mil. in which 
are several plunger pinnjis, one for each feed. 1 'he sn.ply of oil can 
be rcgul.aod by the taps K, the s irplus oil })assing h-u'k into tlie 
tank tiro igh the holes seen below each tap. The lover F is usually 
coupJo^o some r'ciproc^itiiig part of the engine, Iml in the case of 
high-speed engines a special gear is fitted for driving by a small band 
from some revolving part of the enghie. The pum})s can be worked, 
if required, by the hand-wheel ll, for flushing pur})oses at starting, etc. 

Ckapmim’ii pafent antionatir n/linder luhrintfor, manufactured by 
Messrs. Knowles (K.*: Wollaston of London, has been designed for 
feeding mixtures of cylinder oil and graphite, espec’ lly for high 
steam pressyr«‘s rnd .superheated st rain. This lubrn ator is provided 
wdth internal mechanism, actuated by some part of the engine, so 
constructed that the lubricant is kept continually stirred, and, 
therel^re, uniformly mixed from the moment it is poured into the 
body of the lubricator until it reaches the non-return valve through 
which it enters the steam pipe, thus obviating the difliculLy which 
has been experienced in the past in feeding a mixture of oil and 
graphite to engipc cylinders, owing to the graphite settling whenever 
it has a chance of so doing and choking the lubricator and its 
connections. 

Ill the case of locomotives, the stciim has often to be shut oil' and 
the engine allowed to run for long distances without steam. When 
working in this condition, there is often too little steam passing 
through the lubricator to more than partially lubricate the engine 
parts. To pi'evcnt any serious injury to the nibbing surfaces under 
such conditions, lubricators are placed on the 
cylinders. The most (amimonly used design is 
known as the FnruPss'^ luhrica/or, a section of 
which !s sho\#n in fig. 147. (Ml is placed in 
the beli-ohaped chamber, from whence it feeds 
through the wick ami wire gauze cup into the 
central passage, wliich it fills. So long as the 
steam pressure remains in the cylinders, the 
small valve shown rjiuains closed, but im- 147 ^ 

mediately steam is shut off, a vacuum is 
fo^meo, the valve is drawn its seat, a charge of oil enters the 
cylinder, and so long as the st \*im remains off, the oil is slowly fed. 

A weak feature of this luliricator is that, dependinuf . it does 
upon the lifting power of wicks, it cannot be U‘^(vJ for Luiek cylinder 
oils, Unless it be steam-jacketed so as^to keep the oil warm. 

An it roved rfflmlfO’ /u{^nratomf tl'styjie^s show.? in fig. 148. 
The lubri- u>r is filled with oil througii the c;qj W, after removing 
the cork L, and ' <) oil can pasif eway from the container so long ,'s 
the valve A js \j^pt«[jressed againstj^its seating by the spring 11, as 
sho'.vn ui the ugure. 

To operate the lubricator, the valve A is lifted tUid rotated through 
J H. D. Furness, Kiig. Bateiit No. 2437 (1871). 
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opoiiiii^ of tho valve is regulated l>y raising or low^jring the nut C, 
until tho re(|nir(‘(l ([luuitity of oil can 
2 )ass slowly into ‘lie chamber E, and, 
when the <lesire(l opening has been 
obtained, 0 is lo(d\('d by nu'ans of the 
nut ] >. 

When the (aigine is working under 
steam, 4he valvt' ¥ is kept pressed 
against its seating, and steam is thus 
prevented from passing from tho cylinder 
into tho lubricator. J)uring this time, 
oil passes slowly from ibe containing 
vessel through the valve A into the 
chamber E, and when steam is shut 
off, the action of tho engine piston 
moving to and ^ro creates a vacuum 
behind the valve ¥, which lifts, and oil 
out of E is forced into the <‘.^lindcr by 
the pressijre of tlio atinospherc passing 
down througli the tube H. 

The Liiard automalir luhriralor, fig. 
141), made by Messrs. Holden k Brooke 
of Mauchest(‘r, also^ dispenses with the 
trimming. ^ 

At each stroke (when stconi is, shut 
oir) the \^cicuum in the cylinder Causes 
the ^’alve A to cloa»’' and Jhe vaUc si' 

‘ to open, a small fixed quantity of oil 
being drawn up pafst the three-sided* spindle B at the saftie time, 
werew C is provided in case t^e use of a different quality of oil ' 
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rendersVegulation desira))le. The screw is proD'etecl by ^hc cap D, 
and cannot be tanipcn’cd w’tb unless U is nnscrewed. 

To secJiro Inbr'calion whilst the S'eani is shut off, t^p' stream of oil 
and s^^in' coniiiig from the sight-feed lubricator is, in Smitli’s design, 
reinfort^d by a je> of steam, whicl , by an air-valve, is caused to How 
direct fiom the boiler and open the steam-valve when there is a 
vacuum in the steam-chest. 

S)uifh\s ai(fowa1ir. raruuni - d'jxtroijiiKj valve lubricator for 
locomodrf^s, lig. lf)0, is \iscd in connection with locomotive steam- 



Fk;. lf)0, — Shi ih’s AutoiiuitKl^Vtunnim-desMoyiiig Vaht* Lubricator lor 
Loi (‘mnli\e Engines. 

chests and cylinders, for destroying the vacaum v.'’eated by the 
pumfdng action of \he pistons when the ciigine is j unning with 
steam shut oil', and for lubricating wr)rking faces #)f the valves 
and |)isLar' by means of a combined jet of steaiji, air, and oil. 

The opening A commuiiicfiies with the cylinder steam-jliestB, 
i)\fi t/,h« pipe 1> wi^li tlic steam dome of tie* boiler. When dosed, 
the valve C*prevents the ])assage of steam from the boiler, through 
the pipv. B, into the cbamlK..-' E. The valve i) is exposed on its 
upper side to the pressure of the steam in the steam-chest^ and 
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the cluiiiibor K, ;ind on its mitIci'-skiL3 to tlio pressure of the atmo- 
sphere. The ]|)sitions of the ’valves C and 1) as illustrated are those 
which obtain : when the enj^ino is running with the steaniTegulator 

open, and (b) wnen the cn^iiKJ is at rest witli the steam ’i-ej^ilator 
closed. When the engine is moving with steam shut oil’, ' the •action 
of the engine pistons cn'ates a partial vacuum in the steam-chestfc 
and in the chamber M, and the greater ])ressure of th*' atmosphere 
oil tlie underside of the valve I) causes it to rise and come in contact 
with the end of the valve (1, which is lifted and allows steam to pasfc 
’through the no/zle (1, into the chamber K, thence into the steam- 
chests and e;44nl(‘rs ; at the sa,me tinu; air is allowed to pass up tht 
jiassage F L', past the seating of J/he valve 1), .oid J^o mix with tlu 
steam. 

The vessi'l 11 (soiitaiiis a supply of o'l, and the valve K regulates 
the amount which passes from 11 into the chamber T*, tlu‘ non-mtun: 
valve N pi'eventmg the passage of steam from the steam chest inU 
L and 11, When the engine is running with steam shut oti’ ane 
a partial vacuum is thu^ produced on the top of the valve N, 
the air at atmospheric pressure, which is free to colter 11, lifts th( 
valve N, and the oil out of L is forced down the passage V and h 
carried forward to the c}'liiiders by the steam passing through th( 
iiozzde (1. 

When the engim* comes to nvst and the pressure in the chambci 
E becomes equal to that of the atmosphere,- the valves I), (', am 
JN automaticjally close. # 

The tube 0 is made of a large bca-e so that, in the event of tin 
valve N temporarily sticking, steam will be allowed to escape freely 
by raising the lid K, and without blowing tht'oil out of 11. 

Design of Cylinders. — To secure good cylinder and valve Inbrica 
tion, it is essential that attention be paid to the eon#litions avliicl 
determine whether the oil shall reach the surlaccs or not. Tin 
greatest enemy to good cylinder lubrication is water, it wmts tin 
surfaces where there is any abrasive action, and etlectually keeps ol 
the oil. Water may he present in undue (piafftit-y, either bec.uise i' 
is brought into the steam-chest and cylinder frvm the steam-pipe, o] 
is unable to (iscape fr»)m tlie cylinders owing to the positions in whicl 
the steam-ports are placed. When wal^r comes froili the ^tcam-pipi 
in any (piaiitity, a st‘i)arator should be used and the steam dried 
This is^u-^^dy alw-ays done in the case of higli-speed engines, such ai 
the AVillans cT.^ iin‘. ‘To ensure the escape of such water as condense! 
ill the cylinders, ILe pofu- should be placed belovV them, or so IcAv u 
lue side or sid^s that all the w^ter may drapi yway with each opeiiiuf 
of the exhaust j)ort. ^Troper drain pipes must also be ti'-cd to th( 
lo)Vcst^ point;' of the exhaust pipe wheifit rises to any height, oi^ tin 
water will remain in the pipe ^ to a sufficient »ixtent to keep' -tHii 
cylinders in a wet conditiomand so prevent proper lubrication. 
get rid of such watei^us is (;ondeiJsed hr- the cylinders and caiftiot ge] 
awayjreely through the main valves, Holt’s drain valve has beei 
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found V(Ty officiont. A senoioi: of this viilvo ii; sliown ui fig. 151. 
Here the two viilves, wliich slide freely on a sohidle, v)>o control the 
inoveiuehts of '‘acli other that the one 
haviiW til' greiit 'st steam pressure upon 
it remans shut ai d liolds the oth.r open. 

This results in the closing of tlie drain 
valve at tliatw^md of tlie eylnidor receiving 
steam, whiht tlie valve controlling the 
drain pipes at the end of the cylinder 
wliich IS lioing exliaiisted remains open. 

Provided that the drain valve is not too 
largo for the cvlhiders, the water is draim*d 
with very *little loss of steam, and the Kie, 151. 

liottom of the cylinder, which in horizontal 

enginfs has to carry the weight of the pi.^tun, remains well 
lubricated. 




(JlJAr'J’EU XI. 

TIIK I.UliKlCATlON Or MACllINKKY. 

• 

Genuineness of Lubricants. - The (‘iigineer in of a works, 

factory, oi‘ null, Ihc cugiiicmaii in cliarge (►fa. slcjini, gas or oil ('iiginc, 
or cvi.'ii tlic possessor oJ( a cycle or motor cal’, although deeply 
iiitcrcst(‘d in the genuineness and nature of tlie luhrit^antshe uses, has, 
as a rule, very limited means at his disposal for determining the 
nature of Llic oils, greases, etc,, which he juirchases. It is no doubt 
to this state of things that we must attribute the V('i’y extensive use 
of adulteraid^s by manufacturers of lubricants, and the placing upon 
the market of improjHirly or imp«‘rfectly reiined oils. 

Abikeis of sewing aiiu other small machines generally themselves 
sell the kind of oil most suitable fo*’ their lubrication. Such firnig 
are able to obtain a genuine article, and it would be contrary to theii 
interests to allow their customers to use an unsuilnble oil. The 
retail ])rices charged for such machine oils arc, however, so high as U 
be jiroliibitive where lubricants have to be used in laii»ge (pia«''tities 
and it is then necessary to ])urcha.se from a wholesale dealer, and 
to take proper precautions to ensure that the lubricant is free from 
adulterants and suitable for the liearings upon which it is to be used. 

The most valuable and expensive oils, such at sjierm, olive a:.‘d lard 
are extensively adulterated with ebeajier fixed ods and with mineral oil 
Cottonseed oil is freipiently mixed with olive and lard oils, and is 
sometimes almost wholly suhstitnted ^or the former, ^jfich of th( 
olive oil sold for lubricating, if not adulterated, contains so much frei 
oleic aJf^^s ^ bi* quite unfit for use. Indeed, many hdiricants an 
mixtures of vario’i^Ti^iids or soft solids, some of which are vci*^ 
injurious. Adulteration, ji’ith a^view to the thickening of the 4ubri 
cant, is maifdy resolved to fii tlwA case yf tinineral oils ; these an 
also adulterated witUrosin oil, and occasionally with neutral coabtai 
oil, ^The so])histication is often vei^' skilfully d(-ve, the jirhblen 
being to aild su<’l? ehe.‘ii 5 ier ingredients to the nitre ^xpynsive 
will enable them to ])a8s“as many of the tests of tlie chemist ai 
possible. Attempts are sometimes !nade to thicken tin? thinne: 
burning or inieiinediatc jietrolcuu^ oils, so as to make lubricants p: 
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them. It thus ajijjears tl'at unl.t^fj tlu^ purchase” has some means of 
ascertaining the true cliaiucter of the liibrieanl he is using, he has 
little or no guarjontee of its genuineness or titrsss for' i ^ 

A Jtrca? inipro 'etnent has been made ot late years in the quality 
of ftiii^-al lubric ding oils. Uy iiiiproved metlioJs of refining, less 
destructi\e distillation takes place, and the lighter fractions are 
more perfec^y separated from the heavier ones, thus making the 
various grades more homoimneous in their conqKJsition. 

Simple Tests for Adulterants and Impurities.-— In the majority 
of instances, the engineer m charge of a small station has no means 
of obt-aining an accorate knowledge ol the true charac,^* * of the oils 
supplied to hioif other than by consulting an aiuilyhcal chemist 
versed in The methods of examining lubricants, for many of tlie 
auulterants used require cjiroful analysis to even detect their 
prnseftce. Jn Chapters VI. and Vll. th(‘ most imjiortant of 
the chemical and physical methods in use for the detection of 
adulterants have been described in full. Most of these can only be 
practised by a skilled analyst in a propi^rly eiinijqied laboratory, 
^ome of the testt<^ however, can he made with vc'ry simjile apparatus, 
and these the engineer should make himsi'lf acquainted with, as they 
will furnish some vi'ry valuable information eoncerning the purity 
and projicrties of the lubricants olfered to him. The very important 
tost for free acid is one of these (p. 21 h). A rough hut very useful 
test can he made in a sbipjiered 50 e.c. graduated test mixer, into 
which 15-4 e.c. ( = al)ont l•|•| grins.) of tlu' oil an* carefully 
measured. The eylimh'r is lillol up to the mark with neutralised 
methylated sjarit, some plicnolphthalein solution is add(‘(l, and 
nornciretiiistic soda is dropped in from a Imrette, until, on shaking 
well, the pink colour is permanent. The number of e.c. of caustic 
soda unfcd, irmS^tiplu'd by 2, expre.s.ses, approximati'ly, the percentage 
of free (oleic) acid in tbe oil. All the so’ itioiis, the test mixer, and 
the burette and stand, can be }mrcbased for a few shillings from any 
dealer in clicmical aiiparatus. Dipping blue litmus paper into the oil, 
as freq -co’^ly recomm^'iided, is a useless test. Another easily made 
and very valuable test is tbe watch-glass t(‘st for gmnming prop(*rtics 
(p. 2f’r)). The oil can he carefully measured instead of being weighed, 
ai d il (aanpared i nder fhf' srt//?c roN-diUon,^ with a standard 

sample of oil, useful informat.on may he gained The watclvdasscs 
can be placi'd side by side m any suitable hot sitnatiun jnuiected 
from dust, and thus even tbe hot air or water’j'vmi caft ic "Jispensed 
with.'* Ill many cases it is not worthy the tymbh* and time to a.i:;cer- 
tain tin xact nature of tl^c adulterant used, t^e tests I'ciug tm'rely 
such as wdVImlieatc whether the sample examiui'd is fit for use. 

Such tests eoi idered in tln-lyght of the ri'sults obtained w'iA his 
n^jcbiiiory w^l! ejjalilB the migiueer i^ most caffes to' detect the cause 
of imy irregularity in workini;. When fnc (puiiitity of oil, grease, 
etc., iiseti is large, it becomes* jieccssary to ha\'c analyses of the 
•lubricants supplied regularly made^by a competent analyst, in #rdcr 
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to iii.'ike sure tluit they are suitable K)r the purposes required, and are 
equal ill qualitv t<j l\'e sample olTercd, or that they comply with the 
specilicatiou. \i'eo Cha])ter Ylh, pp. 210 306.) • ^ 

Qualities and Properties of Lubricants. — And Uij. — A\Q'ou\fh 
animal and vegetable lubricants diner from mineral lubricants in 
their chemical constitution and activities, in many of their physical 
[U'operties they closely resemble each other, and it is to these common 
properties that they owi‘ their lubricating values. Of these proper- 
ties, viscosity and oiliness are the most valuable. But it freipieiitly 
bajipens that an oil, which would otherwise be a good lubricant, fails 
to be of ])rafe'^ieal use owing to its having been allow(*(l to bi^.come 
acid, or to its property of tahkig up oxygen from tjie air and 
becoming thick, either ev.Mporating entirely at ordinary temperatures 
or leaving a gummy, sticky mass behind. These propm’ties lia\e been 
dealt with in detail m previous chapters, and need only be refer! ed to 
liere in so far as they concern the use to which the lubricants may 
be put. 

Oxidation and Oimimiaj. -Many oils uhcii exposed to the 
atmosphere as thin films on healings rapidly tliiclK'n hy oxidation, 
and finally form gum or varnish like masses, which clog the moving 
parts and cease to act as luhricants. A high temperature consider- 
ably hastens the riiqjidity with which this takes place. Gumming 
oils, such as rape, should not on this accouut be ns(‘d iu wai’in places, 
as they rapidly become Ahick, clog the trimmings, ami considerably 
reduce the speed of flow through tliem to the rubbing surfaces. 

Ill places where animal or vegelakle oils which are lialih' to gum 
have to he used, great care must be takmi to prevci^t the aijcumula- 
tion of waste or otlicr fibrous material saturated with them from 
being placed near steam pipes, or stored in closed ciqiboards. Such 
material should be ki'pt iu iron bins in the ojau' afV, fur « .i the 
process of oxidation or slow bniiiing which accoiiqiaiiics gmnniing, 
heat is evolved in such ipiantity as often to set (ire to the whole mass. 
Mineral luhricating oils of high llashing-poiqt (not below 340“ F.) 
which are devoid of this property, should he used iu thea^' ji,,'iiotels, 
and other large buildings where the risks of ‘fire arc great, either 
alone or mixed witli fatty oils which giiin only slightly 278), 

lo clean machines wdiich have bdmme covered with a gummy 
oxidiz ed lu iiricant, the parts should be well moistened with parallin 
oil, wfuSt^dis^hves the gum, allowed to run for a few minutes, and 
then wiped dry an 1 before being oiled agayi. 

old-fiushioned test, npw suj**erseded iu the laboratory, is tlftit of 
Nasmyth. A plate (if iron Cr sUcl 6 ftvt 4oug by 4 inelies \fride, 
has six longitudinal •grooves planed in the u})per sid('. is placed 
Ui>Dn#a beneli or shelf, in a warm situation as fixjc'us possible ^rom 
dust, slightly iiicfiiK^d, ^ne end iieiug supported*’ oik a idock Ir m&h 
thick. An ei^ual number o*f drops, measured from the same pipette, 
of each oil to be ‘tested and of a ^standard sample, art) placed 
succt^sivolv in one of the £rroove8,«and the behaviour of the different* 



oils is tibserved from day to day. I aoso of l^ast viscosity will, at 
first, flow most rapidly do^'n the iiicUiie, but o' ld itioij or any other 
cause tcLdiiig to^tliickeii tlm oil will gradually ifiTost i’ .votion, and 
the i^octfdter 11 low days will become marked, the ‘best oil flowing 
the*grj{i|t(Miit distance. 

All airbmil and vegetable oils, fats, etc., contain acid constituents 
which will attack the metallic surfaces of bearings and form soaps of 
iron, copper, etc. The tendency they have to become more a(;id with 
age is very slight in most cases, if the oils are properly refined and 
not stored too long. The extent to which lubricants fna 3 'be expected 
to contain acid constituents, and the best methods for tlydr deUu'tion, 
will bo found in Clia})ter VII., p. 210. 

The temperature at wliich an oil flashes when a light is brought 
naar its free surface is (;alled the jiai<hing-iH)inl. This property has 
been, fully discussed in Chapter VL, p. 186. No lubricating oil 
whicli flashes below a temperature of 340’ should be used for 
indoo^' machinery without special })recaiitions being taken to prevent 
risk of fire. 

Freezing . — Many oils, which at ordinary temperatures arc clear, 
transparent liquicls, become, if the temperature falls suflicieiitly low, 
white, opaqiKi, solid masses, 'sometimes, as has been shown in 
previous chapters, the whole mass of the li(]uid solidifies at some 
particular temperature, or certain constiiuents are thrown down as 
precipitates ; whilst in other cases, as the tem})eratnre falls, the liipiid 
becomes more and more viseons, and finallj becomes a soft solid. 
This must be borne in mind whcncvei bearings are ('X]>oso(l to cold. 
In such cases the reservoir in which the oil is stored, and the 
trimmkigs or other arrangement for siipjdying the oil in a regulated 
stream, must be placed close to the shaft, sc that the; heat resulting 
from deficicmcy in the supply of the lubricant may cause it to flow 
again, i., by cnance, an oil which easily solidifies should he used. 

OtVwm.— AVhcii a grease is rii4)hed between the fingers it will 
be found that they slide freely over one anotlier even when pressed 
togetfe^;^ with eonsidei-.ble force. A similar effect is jirodnced when 
a greasy iiitger is rv.bocd over a sheet of glass or other smooth solid. 
This arises in great measure, if not wholly, from the fact that the 
greac:. is a li* aid or vi.sco^s snhstance, but, a plastic or very soft 
solid, which cannot by press’ire alone be wholly driven from between 
the surfaces. On the other hand, the soft solid is easily sh"^. d, the 
resistance ottered to the sliding of jiarticle ovci* parU*' h- being very 
smalj. This property of greases causes thefii to form very thick 
lubrjeating films, even^when the^ldhds afe heavy uTi.d the speohs 
moderate *At higliCi speeds, however, they dS^not comjiare favour- 
ably with tne oils, the friction*,! resistances being much greati^i^ 

E:K;ept for «uoci£tJ bearings, greases are iio^y givi* g way to blended 
mis, for the ^.iiglf coefficient of fric^ton and resulting loss of engine 
powei is«by no means compen sated for by the decreased cost of the 
, lubricant. 
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(It eases are generally made' by tbjekeniii^^ a mineral oil, fixed oil 
or fal, with a soa]) of lime, soda, lead, etc... more or less water being 
emulsified with the dil and soap. In some eases solids, such as black- 
lead, Th('nch chalk, and mi(;a, are also ad<led. A nunibc*'j of these 
lubricating greases are described in Chapter V., p. seq. 

They are liable to be adulterated with excess of water, and \vith solids 
such as china clay and gypsum, which are not lubricants. 

The corresponding property in the case of liquids^ which pre- 
vents the lubricant from Indng easily prt;ssed out, is called oiliness. 
d)iiferent liquids possess this property in very dilferent degrees. 
Tims, altha’;;yh sjicrm oil is much less viscous than glycerine, it will 
be found to be a much better lubricant. The glycerine feels harsh 
between the fingers, whilst the spiuni oil feels smooth ‘’.lud greasy. 
The viscosity of an oil, therefore, by no means furnishes us with an 
index of its lubricating value. With high speeds, moderate Joatls, 
and good lubrication, it is no doubt the degree of fluidity which prin- 
cipally determines the value of a lubricant for any particular purpose ; 
but when the speeds are ^slo\^ or very high, the loads great, or the 
lubrication imperfect, oilint'ss as w(dl as viscosity play an important 
])art in the reduction of frictional resistances. (S('e Chapter III., on 
‘ Superficial Tension.’) 

The property of oiliness is gen(*rally possiissed most markedly by 
the animal oils, less so by thosi; of vegetabh' origin, and least of all 
by some mineral oils. It is on this account that fixed oils are so 
freijuently adiled to mii|%ral oils, for they give to the latter just that 
property in which the mineral oils are most deliedent. 

No simple laboratory test has yet been devised for ascertaining the 
eom])arative or carrying power under heavy loads and at low 

speeds, of lubricants. Such information is gi'uerally obtained by 
means of mechanical oil-testing machines. However, tj^'e valu^of the 
results they give, considered fi-om this point of view, varies with the 
speed, load, and method of (»iling‘ado]>ted — matters which areas fully 
discussed in (diapter IX., on the ‘ Mechanical Testing of Liibricaiits,’ as 
our present knowledge seems to warrant. 

Vimw'tl /. — Upon the viscosity or degree of fluidity oi the lubri- 
cant depends the resistance which it offers to the motion of the 
rubbing surfaces of quick-running ymcliinery, and ak^-, in some 
measure, the loads which bearings will carry at ordinary si)ecd8 without 
suffeihtg abrasion. Each particular animal or vegetable oil has a 
viscosity whiflC. does, not vary greatly in different samples, and may 
be regarded as being ift some measure an indioaijion of its puriJI^^y or 
“*gtnuiucness.» The viscostty speh oils, jberefore, need nof. be 
specified when ordering, but should be determined for ^le purpose 
0 / ascertaining probable purity. Mineral oils, however, having a 
great range of viscosities may be purchased, ^nd it is nccessa^ 
to state in all cases the degi’ec of'lluidity re(iuirca. ^ 

The viscosities oball lubricants varViVery considerably with changes 
of tepiperature. Thus an oil which, as long as the journal runs cool,, 
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is sufficrently viscous to carry load 'properly, may become so 5iuid, 
if the temperature should rise from any cause, that tluj rubbing 
surfaces «lese togetlier arid cut and oar each (nlA'r. -^'he variability 
ot ttitf visF;osity a lubricant with change of tcmper.iLUre is often so 
gregCj^at^iin oil hich works well in a cotd place iiaiy be altogether 
too ‘ thin ’ for a hot engine-room or warm climate. (Castor oil, whilst 
too thick for locomotive bearings in England, is, on the other hand, 
largely usetf'In •India, where it answers w'cll. ^liiu'ral oils vary niori' 
in viscosity with change of temjierat nre than do tixi'd oils. On this 
account the (diaiu es of a bearing lubricated with a non-fatty oil going 
from bad to worse ari' great, and needs more carefi 1 ath'^^ion. 

The nature and measurement of this property arc f^dlly dealt with 
in Chapteri^ll. and Vi. * 

Siainimf of Fahrirff. The lubricants used for the bearings of textile 
'maclniK'ry are liable to be thrown about by the rapid motion of the 
spindles, shafts, etc., and falling upon the cotton or woollen goods, 
produce more or less objeetionahle stains. Every eare is, of cours(‘, 
taken to prevent this splashing of the lubricant, but as it cannot be 
altogether previnited, and is a])t to spoil tlTe apjiearance and reduce 
the market value of the cloth, care is taken to use only lubricants 
wliicli either stain very little or give stains which are easily 
removed. Pure mineral oils, it would apjiear, all produce objection 
able stains which can with dilliculty In wholly removal, for they 
sink into the tibre and carry with them the line imdallie powders 
ground off the bearings. On this account, oven though the oil 
be clean and colourless before use, and be apparently completely re- 
moved in the scouring, the chemieJd changes wliieli the metallic powders 
underg^) sooner or later, sometinu's months later, produce stains of 
various colours in the finished goods. Stains produced hy the oil 
thrown from heated bearings are found e\ei*ptional]y difticadt to 
remove, 'speemlly if the stained goods have lain in slo(jk for two or 
three months. When such goods «,rc bleached, the fabric is often 
found to have become rotten, and a hole makes its a})pearaijce where 
the s^hi had been. 9 

Animar'Thid vegcbthle oils are much less liable to prodiK.e , 
permanent stains, for, luang saponifiabh‘, they are almost wholly 
remor d it'.itlie Vi -ions dressi?i^ processes the fabric has subseciuently 
to undergo. With them mav*^be mixed from 25 per cent, to 30 per 
cent, of mineral oil without piodueing any marked effect npe -their 
staining (|ualilies. In greater proportions, liowtATr, ^ results 
not ss^tisfactory. • 

Tb<! colour of these stains depends«ii poll ♦the metals of which tlrT^ 
rubbing rurf^ccs are L.atle.* Iron produces a r^i stain, whilst copper 
or brass s Latins are grey, grceni^i, or black. * 

Om of the mos^ usual, as well as oiie^of tb, ’s most eflcAive, 
jhfcthotis of d*''dui 55 with mineral oil Stains in cotton goods is to im- 
pregnate .them with olive oil or,pleino (crude oleic* acid), allow half an 
Jiour for the oil to thoroughly pcimeate the stained part, and ^hen 
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boiUtbo ^oods in a caustic BotJa lyc l/)r six or cifj^ht iiours, Oftvc oil is 
more titbciicioiis than oleine ; and if, before lioilinj^, the fabric is well 
scoured witli st^i.paiVd a little carbonated alkali, the mineral oil stains 
are luore thoroughly and easily removed than when boiled ki the 
kior at once. In the case of dyed and liuished fabrics wldcVfCaisnot 
b(! wetted again, benzine or benzoline, which dissolve the mineral oil, 
can be nsed.^ The solvent should be apf)lied first in airing all round 
the spot, and gradually brought nearer to the centre, and a fibrous 
substance, such as blotting-paper, used to absorb the oily solution 
• which is driven to the centre. If the solvent lu^ applied to the oily 
spot direct he grease is caused to spread into the fabric. 

Blended iJiibricants. — m- B/cwJpd ' — Mineral oils 

being much cheaper than tlie better class of fixed oils, aV.d as, at the 
sam(‘ time, they possess valuable }»roperties which they confer upon 
other lubricants with which they arc mixed, the use of blended oils 
has lutw become common. Indeed, quite apait from the pecuniary 
aspe(5t of the case, the iilended oils are for many ])urposes superior 
to ('itlu'r ])nr(' fixed oils^ or jmre mineral oils Tlu' percentage of 
mineral oil permissible varies according to tlu' haid, s})eod, etc., for, 
unfortunately, many, if not all, mim'ral lupiid lubrieants are deficient 
in the projxu'ty we have called and can seldom be used quite 

pun', except in those cases (^batb, ring, or fore.ed lulnication) whore 
the journal and bearing are ke))t flooded with oil. At one time 
mineral oils were regarded with great distrust liotb by chemists 
and engineers, and wiJen found mixed with fixed oils they were 
rc'gardcd as objectiorable adulterants. 4'be reverse now seems to be 
tin* view often taken, fixed oils being sometimes looked u})on as 
adulleijuits when found mixed wdth mineral oils. This vie*; seems 
to have arisen from a conviction that the Inhricating value of an oil 
is wlntlly due to its viscosity, and that as mineral oj^js can he pre- 
pared of any desired viscosity, fixed oils could be wiiolly dispensed 
with. Oils were consequently ]flaced upon the market which were 
stateil to be free from fixed oils, and were sold as jmre mineral oils. 
They, bow’ever, proved on analysis to contai . a proportion fixed 
oil— in other words, they were really blended oils. * 

in the majority of instances these mixed oils answered admirably, 
a fact which served to strengthen tl^e view that, froii#» frictional 
point of view’, viscosity w^as the property which determined the 
valm^jf an oil. But chemical analysis was not slow in proving that 
these so-callellk jmreunineral oils really contained fixed oils, and that 
it w'as largely owing to the presence of these inkty CDnstituentjj[ that 
“^'iie good reanlts (jbtained*'in^mtctjce Avere due. More rational ,view8 
are now coming intd vogue, and users of lubricants j^c beginning 
JLo recognize the fact that the best luibricants for most purposes are 
obtifined by the *car^fyl blending of animal an^ vegetable oils, fats, 
or Avaxes Avith mineral oiis. fure mineral oils lii’e, hoAvever, ^us’id 
with quite satisfactory results for feyreed lubrication, and they -raust 
' Pentecost, Jmr, Soc, Chem, Ind., 1897, p. 409. 
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be used’for lubricating tlic cybnd^rs .tf condensing auvl for 

swabbing the piston rods of marine engines, otlierwise fixed oils would 
be liable .0 find their way into the luilers and .ianse ' ’ ' ge. 

T)'^. fi uwing broad principles can, in the absence of more 
aec»raj-'g knowledge, l)o laid down 

Fixed ( ils, if of sutlieiont viscosity, and fats, ae.t best at great 
pressures, ndnoral oils at light pressures. On the other hand, 
viscid oils give da* l)est residts at lou speeds, and thin oils at high 
speeds,^ tliough the viscosity at low spec'ds must not ’ne gr(*ater than 
is nec(!ssary, othei wise tin* friction is increased. 

Pure miiK'ral ods arc suitalile for preHsiirrs belov 'VI lbs. per 
Kipiare inch \\ith free lubrication, and wlieii tbe m. (als in contact 
are sueJi as^lo not readily sei/e eaeli other. With increasing loads 
tli3 pro[U)rtion of fixed oil which it is desirable to add must also 
mcroiii^e, if satisfaetory ro^iilts arc to be obtained as regards friction 
and wear. I'.y raising tin* viscosity be>oiid what is required to 
carry the load, instead of adding a lixed oil, the friction is sure to be 
increased, even tlmngb the rate of wear of die rubbing surfaces may 
be reduced, and more power is wasted than the economy in fixed 
oil warrants. 

From the clicmieal point of > iow there an^ good reasons for 
mixing as large a proportion of mineral oil with any lixt d oil as will 
not interfere seriously witii its load-carrying properties. J>y such 
admixture, the leiidency to gum is much checked, the oil remains 
fluid, and cotton waste satniYitcd with it is much less lia.ble to fire 
spontaneously. 

As bearing upon the elianges winch take jilace in blended oils when 
used o\ei’ and over again for long ])eriods, the following results may 
here be given. The oil in tlie iirst column, marked ‘ new,’ was a 
blended oil n.snd to lubricate tbe ‘blower’ of the Thomson-llonston 
dynamo. The same oil was used to lnbr'''ate the armature iK'arings. 
Tlic oil in the second column, marki^l ‘old,’ was some of the same oil 
which had been used for tin* latter purpose, filtered, and used again, 
for a r* ’ipd of six moiKiis. 


llclativi viscn.sitv at 0 /’ F., 

Ilol'b.ive ''-Bco.sil' at lOtr P., 
SpC'cifir/giavity a (50' t'., «. 

Total fatty aeids, 

Pret fatly acid, . . . , . 

Ditfereiice ; (equivalent lo neutral fatty oil, 

Min(*ral oil, . % 

* ^ 


New. 

OM. 

Oil. 


315 

410 

98 

100 

158 

odroiifi 

0-!)030 


rr837 

0 82/ 


0-28/, 

0 12/ 


5-84/ 

C '‘"*1 1 


94T,» 

93-l'; 



TIk' )ve results show, that bjj con inued yse thei **had been ‘a 
loss (pro'iai^y by eva|>oration) of nnm'ral oi]* and a consequent 
increase in the p''’’centage of oil. This change had result*^! ir> 
a sligi'J ineren- ^f #dscosity and of^s])ecific i;ravit_;. The fatty oil 
bad UTidei'gOiic some oxidation, resulting iii a lowering of the melting- 
* Any piessiiie below 70 Ihs. per ■ -lUare inch nuiy he reg:ird(*d as a load, 



466 ^ 


LUBRICATION AND LUBRICANTS. 

poiLt of the fatty acids and a dark^^ning of the colour, also‘a slight, 
but only very slight^ increase in the percentage of free fatty acid. 

Animal an \ vegetable oils cannot, however, addv/1 to all 
mineral oils with impunity. Solid hydrocarbons arc preseiVl in some 
mineral oils, which, when they are mixed with vegetable oils, 
separate out as a precipitate and cause trouble by clogging trim- 
mings, valves, etc. 

Wo have seen that much is to be gained both hreconomy and 
etlicicncy hy mixing in suitable proportions mineral oils with fixed 
oils, ^uite a number of these blended oils are placed upon the 
market, n. .;.iV^of tliem being sold at fancy prices. It is better, there- 
fore, for the large consumer t9 pnrd tse the pure lubricants he 
requires, and to blend them himself to suit the condAions under 
which they are to be used. 

Fat&ond (h'pasea . — The contrast in lubricating properties between 
mineral and fixed oils exists equally in the case of a pure mineral 
grease like vaseline and an animal fat such as tallow, the latter 
possessing in a far greaj-er degree tin*, property of greasiness. In 
the ease of purified vaseline this is duo partly to tlie fact that the 
excessive refining tends to remove those constituents of the crude 
oil u})on whicii the lubricating pro]»erty depends. Thus some of 
tin* best mineral (‘ylinder oils, which arc excellent lubricants, are 
ol)tained from the same crude (ul as vaseline. 

A large munber of lubricating greases are made by incoi'porating 
or emulsifying q^mal and vegetable fats with soap and water, also 
by thickening mineral lubricating oijs with soiip. Some of these are 
described in Chapter T., p. 126. Large quantities of these greases 
are usc<l, with very good results, for the lubrication of railway waigon 
axles, and some of them are excellent lubricants for the bearings of 
slow-moving machinery. When the loads to be carried are exception- 
ally heav)’, solids, such as plumbago and soapstoim,' are sometimes 
added to the grease. These solids ju’ovent abrasion at points where 
the pressure forcing the surfaces togetlier is very great. 

Except in sjiecial cases, greases shmld ftot be used ff»Cv..quick- 
running journals, shafts, or sjundles, the frictional resibiance which 
they offer to the relative motion of the surfaces causing great loss of 
power. Thus a case is mentioned byvl*iimpson iu» whiohnfhe owner 
of a mill using water pow’er decided to use grease as a lubricant 
instcf.,^1 of oil, but owing to the increased friction, the change in the 
metliod of luL-ication caused the w'ater powder to be insufficient to 
drive the m.'xhinery, and the use of oil hade to be reverted to. 
’'u'oodbury ased oil for one of. the jf<wo rows of looms in a cotton mill, 
and a consistent fat J'pr the other. lie found, under the sj^nie running , 
j5on^jtions, that the temperature of t\ie bearings lubricated with oil 
was only 4'' higher th^p the temperature of the room, wliereds the 
temperature of the othei» bearings was 22“ higher. ' With %oap- 
thiokeued mineral tils there is the liability of separation tak'ng place, 
especially under the influence of steam or moisture. The mineral 
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oil may run away and leave the roa-) hi the j^reaso })ox or on the bear- 
ing, which is apt to run hot in co]isc(|uonco. 

In the rase of fats and greases whose niel ting-pony not much 

abovc^the temper iture o! surrounding object^, it generally haj>pens 
thaff thu lubricati\g (ilms arc so warmed by tbo friction of the 
bearings tliat they actu<dly melt wlien drawn between the nibbing 
surfaces and -'ct as oils. 

iMthough unsuitable, on the whole, for moderately (piick-rnnning 
machinery, greases answer admirably in cases wliere th(‘ speeds are 
low, or where a low coetli(;ient of friction at starting is essential. 
The chcapi'r greases, made with rosin oil and lime, ai'e "1 for cart 
and truck axles whilst those coioposed of lubricants of superior 
(piality are Tised for railway wagons, pedestals, eb;. 

Jicing soft solids, special methods (see pp. 417 and 430) have to bo 
jirovidi'd for tiieir application to the bearings, for they do not liipiefy 
so long as they are kept mod(‘rately cool. For railway vehicles, only 
the better classes of greases arc used, and as friction is an important 
consideration, the ingredients are in some countries changed to suit 
tlie seasons, for a grease suthciently thick for summer might he 
altogether too stilf for winter temperatures (see p. 128). 

It is well to hoar in mind tluit it is only when the speed of rubbing 
is low that economy results from the use (^f greases. At all ordinary 
velocities a marked increase in the friction is hi’ought about by 
them. This loss of power is seldom estimated at its true value. As 
a matter of fact, it may greatly exceed the gain resulting from the 
use of the cheaper lubricant. , 

In the Ihntcd Slates, recently, very satisfactory results have been 
obtained by the use of grease for locomotive lubrication. In a 
preliminary rc]K)rt made by a Conmiitiee of the American Master 
Mechanics' As^^jciati()n (sec Medninical Kiujimr, 28tli -July lilOO) it is 
stated r licit during four years’ experience 'itli 203 locomotives fully 
eipiippod for grease lubrication dnriflg the whole or jiart of thiit time, 
the lubrication of ])ins and driving axles with grease has proved less 
cos*^ 3 " with oil. I’liore lias also been a decided decrease in 

engine failures due to hot bearings. Journals lubricated with grease 
have been found I'^ss liable to be cut, and, therefore, have required 
less ircqifcMt’ till'’ ing uj) in ,.tlie lathe. It is ])ointed out that 
grease lubrication as applied to driving boxes is pra,cti(tally auto- 
matic, and is, therefore, more independent of neglect on tlu part 
of the driver than is oil lubrication. As regards ' Ji ' increased 
fricti(*'ial resistance Xiie to the use of greusr, instead of oil, it is 
stated ft' 't it has iu no q^asc beevA fo* ud nccossary t:)* reduce the 
tonnage u-t'sg of a loiiornotive on account of yic cliange from oil 
to grease, but no 'kita is given to coal consumption. ^ 

111 some loco ..o^ivg tests carried o^t by the ’^Yuins vlvaiiia Ilaikoad 
at tho Louisiana Purcluxse Exposition in 1901 it was found 
that the lubrication of locoiiioU e axles by hard giease incroiuod the 
fe*ictiou losses p(;r axle by from 75 to over 100 per cent, as compared 
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rvitK' oil lubrication. Tlu‘ jijreasp). used was composed ^out as 
’ollows ; — 


Oil, .'Ofi .... 

28'ft6 

Soap, .... 

5r>‘;3 

Water, .... 

15, -51, 


1()0*0() 


A cake of Uuh luird jT^reasc was ])resscd ae^ainst tlic.aA.^* by sprin^jfs 
ocated in tlio bottom of the drivin;jf-box cellars (underkoeps), a 
lerforated plate bcin^ used iK'twoeii the axle and the cake of grease. 

Clariiie^ation of Lubricants, - 0/7 — Pedestals, worm-wheel 

iases, spina le bushes, and various other deMTi[)tions of bearings are 
K)\\ fre(jn(aiily made to hold comparatively large vo,Vnnes of oil 
;vhich bathes all the rubbing siirhiees, and by placing dishes, into 
vhich the surplus lubricant runs, below tin* ordinary forms of 



l/earing, a good deal of oil which was formerly lost is collected. Such 
oil contains finely suspended matter lOf various kinds, is thick 
and muddy. Hcing, in the majority of instances, chiefly com}»osed 
of /iLicral oil, which does not become changed in character, it is 
possible to fik 4 ,'.r outr the suspended matter and use the oil over again, 
for, as a rule, the only change which has occnri jd is a slight increase 
iA the visco^dty, due to the e^^aporatioii of mineral oil. lu this way 
all loss of lubricant, other than that resulting from evi^wration and 
^onui. unavoidable waste, is guarded against, and the grea^fest possible 
economy secured. ** 

The suspended particles are fnostly very fine, and, hding immersed 
in a fairly thick liquid, are not easily^ removed. a 

4^ filter (fig. 152), made by Messrs. Wells & Co., effects this 
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separation of the holid matter from <tie oil in three sta.;;os. •The 
muddy f;il drawn from the leservoirs and containeil in the oil pans is 
plaeed inV.n uppor settling; ehamher, in which flied^U'-icr particles 
slowl^’^ sm*., ide. I'rom this cliamber the oil is^drawn ott* by means of 
a sfJ}lM»i% pij)e, wl ch floats on the surface and sh)w1y icnioves the 
clear u})per li<pii(l, passioi* it into a chamlu'r containing a filter, in 
the coarse ’'*esh of which the larj^fi* suspended particles are left. 
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from t)’c coarsest ami heaviest iiiipudties, forces itself slowly through 
the chamber <■/, uhi'-h has been iillcfl with courpressed now twist 
(preferably v\l*'<e unbleached), rises ovtT the partition c, 'ind then 
filters through the chamber /', also filled with compressed twisty into 
the chamber from which tin; ch'an oil can he drawn oil’ through a 
cock. It is necessary to lieat the oil to 1 fO - F., according to 

its consistency. Tins is done in the lower part of the ^hamber a by 
means of a coil c, through which steam can be passed from the 
engine mains as desired. 

Th<' ('ssential features of a good oil-filter are ; — 

1. A ca/^)/;ious settling chamber, in whi<‘b the oil can be w’arnicd, 
if necessary to increase its fluidity, and in whicli water and dirt can 
settle out. 

2. Double filtering chambers, through which the oil passes from, 

the settling chandler (a) by upward and (A) by downward filtwation. 
The filtering material should be the b(‘st white cotton yarn or waste, 
and should bo capable of being compressed by means of an adjust- 
able screw. ^ 

d. An arrangement for distributing the oil ('vi'iily ov'*r the surfaces 
of the filtering pads. 

AyV// Kjj'erix of cfc.— Before rejecting any particular lubricant 
because ditlieulty has been experienced owing to the betiling of the 
beiirings supplied with it, care must ahvays bo taki'u to ascertain 
whether the fault real^ lies wuth the lubricant, or with impurities 
accidentally inlroducecl Enginemen are apt to think that a certain 
number of hot bearings are sure to occur, Jiowi'ver careful they may 
1)0. iS'o doubt, even wdien the greatest care is taken, bearings w'ill 
occasionally run hot. ]>ut in all such cases the heating muso arise 
from soiiu! iiTegularity, and ibe extent to which trouble is experienced 
is, in the majority of instances, a measure of tlu' capacity of those in 
charge of the machinery to keep things in good ordirT Thus, as an 
instance, although the ipiality of'Jic oil uscfl may bo ('xcollent and 
very suitable for the purpose for which it 's being used, still the 
engiiiemau may be troubhid with hot liearin^s, often, indc''^^ ’'ken 
extra care has been taken to kecji the machinery in g(.,od order by 
giving it an ample supply of oil. This almosv always arises from the 
presence in the lultricant of mechanical iuipurities, ;ai(*li :*vv.:Xad, saw- 
dust, glass, vegetable fibre, mucilage, or ])recipitated paranin. In 

:.*‘^rent oils these arc easily seen, ])ut in the thicker dark varieties 
they are aliiK^t entirely invisible. When oil containing such im- 
purities, wdiich it very cbmmonly does, is poured^nito oil cups in- the 
uis'aal way, the solids are fiVtergil biif. by the^ trimmings, or settle to the 
bottom of the reservojr'J and do not get into the bearings. *But cpgine- 
moi) frequently go round their eiigineifc and pour a little oil into the 
ends^bf the liear’ugs, or even remove the trimii^ui^s or oibpadk and^ 
pour oil directly upon the leariiij' surfaces, and thus introduce grbt at 
points where it can- easily get betweev the rubbing surfaces*. Films- 
of various kinds also settle on the trimmings, or obstruct the oil 
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passage?, and prevent the oil from finding its way with tho necessary 
freedom to the working surfiices. 

lnij)on'in:e of drainimj a/l ()i\ — in mo:^ eig'ne- houses the 
difie^ent . ils req died are stored in iron tanks, frmi tdeli they can 
be lirj^i^v^i as requi. od. Into these tanks the lubricants are pumped 
from the I'arrels supjijied i)y the oil merchants. To enable as much of 
the oil to be removed as is possibh*, the ])ump ])ipe is passed through 
tlie bung-hole and reaches to within a very small distance of the 
barrel bottom. The oil, as it is drawn out, thus ciirries with it the 
greater part of any solid material which may lie there, 'Po jirevent 
such foreign matter fr an passing into the oil tank, a recep*^ach^ made 
of fine wire gau/,e should he fitted into the manludo ni the tank in 
such a maiftior that it can without oitficulty be taken out and eleaned. 

To still further reduce the risk of small particles of grit entering 
tile (^1-can, the lubricant as it is given out for use sliould be care- 
fully strained through wire or cotton gauze as it is drawn from the 
tanks ; for however good it may he, the flue solid particles it some- 
times contains, if, as we have seen, they should chance to he 
introduced between the rulibing surfaces, will give rise to excessive 
friction, cause overheating, and make the engiiu'cr feel uncertain 
whether he is using a suitable 'uhricant or whether his supply is 
really np to sample. 

When the loss which may result from Tne stoppiige of the engines 
driving a large mill or slop, or generating eurreiit in an electric 
installation, is taken into consideration, this double })recaution, 
adopted to prevent the introduction of solid matter, docs not seem 
uncalled for. ^ 

Gi'it may also be found in solids, such as natural graphite. As 
such solifls mixed with fats are sometimes used to put u]>on bearings 
which have sufTored abrasion and become overlu'ated, its pi'eseiicc 
may qul.e defe^ the purpose for which the solid was applied. 

Lubrication of Sealing Surfacei'.— for Low Sjwrdr — 
When the relative speeds of the rubbing surfaces are less than 10 
,p.'v minute with abundant lubrication, or even greater speeds 
than this \>ith siphon lubrication, the lubricant, instead of being 
forced between the journal and lirass and parting them, is rather 
sw'epu ■ ’.e si( *, especially under high pressures; the lubricant 
then de])ciids for its efiicienev ujxrn its oilinoss as well as iqion its 
viscosity. As the actual loads which bearings will carry uiid ” 
conditions without seizing depend largely u])on the .nature of the 
Bur^’ces ill contact, ^s well as on the oil usv.d, it is in ' jiossible to 
give mo^e than very geueral figuras. Tlfe relative caj’rying povr'^rs 
of oust, gLcases, and s lid "lubricants c;ui, howiver, he n]>proxiinately 
stated, ana the engineer must^u each cage by Jbtual trial select that 
whici) gives th- lei^t amount of heating and friction. « 

Dealing ifi the* first instance witlftliosp hiuricants which ha^ the 
greatest carrying power have— 

(a) Graphite, soapstone, ^md other solid lubricants uscd dry. 
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Thci»’ ?flicacy depends largely upon the nature of the rubbing 
surfaces. (Irapliite, Hjr instance, gives the best results when used on 
east- iron surfy,ees, tv’liieh are naturally soincwlmt .porous. When 
these lubricants will not keep the bearing cool, the 1 1 bet -itcd;, heat 
must be (rarri(‘(l away by a continuous stream of cold waoe?: (parsed 
over it or tlnvnigli jierforations in the metal. Thy wear and loss of 
])Ower under such conditions are very gre.at. 

{!)) Solid lubricants mixed with animal fats, gr(.'as(‘^, vaseliiu*, etc., 
or rosm grease. Tbe.se mixtures are very suitaldi*. for heavy work, 
yspecially v. hen metal works against wood. llosin greases are 
largely le for all kiiuls of rough w<uk, such as cart axles, tip 
wag(ms, hauli.ig maebmery, etc. ; they give a small coellieuait of 
friction at low speeds, do not waste away very rapidly by evaporation, 
and do not run oil’ the liearings, leaving them dry. 

(r) .Vxle greases composeil entirely of animal and vegetable fats 
or mineral oils emulsilied with water, soaj), and sullicient alkali to 
lUMitrali/e acidity. These greases are oxcidlmit lubricants for all 
slowly moving shafts and jmivnals which have to carry consiih'rablo 
loads. Kvi'u for i ail way wagons they are largely usi'd ; for the. 
frictional ri'sistance is small at low speeds, and tranr^ lubricated with 
them are easily started, ('are. must, however, be taken lliat these 
greasfis do not (contain excess of water and are not adulterated with 
such useless substances as ebina clay ; also that they melt as a whole, 
and that the oil does m?t run down and leave the so.ip. This is liable 
to occur with badly made greases, and hot bearings are the result. 

{<{) Ki\ed oils, mineral oils, and inixlures of the two. In selecting 
oils for vi-ry low speeds and high pressures, viscosity must be the 
first (tonsiderat ion, and next to that oiliness. This is jilainl} shown 
by the (‘Apm-imental results in Table XC'Jn. on p. 111"). If an oil of 
suthcienily liigli viscosity bo used, a mineral oil may give a,^^, good 
a result as, or even a better result than, a fixed oil^a mixture may 
give a better result than either, "fan oil of sufficient viscosity i^e not 
available, then a fixed oil may be expected to give the best results. 

(Jrood antifriction metals assist greatly in reducing tbe^fr';!.”‘^L 
(joodmaii found cast-iron bearings lined with pure leaf" among the 
best under constant loads up to oOO lbs. per sipiare inch and even 
higher. Magnolia metal has also been,^ound to give excedk.. ^ results 
limb r very high loads and under conditions of defective lubrication. 

for Mothiratc Spre/h. — At spi'cds exceeding 10 feet per 
minute with abend viit lubrication and 100 feet per minute with more or 
less im])erfect liibricalioi., a lubricant, in the case,|vf a journal or s^aft, 
foryis a fairly.;jthick him winch xvliolly or almost wholly separates .the 
rubbing surfaces. The c.mditions iiuder wbicli tiiis film formsjiave been 
fully dealt with in ihc’cliapkr on the ‘'theory of Lubrication’ ^p. 48), 
It nifV be mentioned, however, that when the |pads arc moderate^ 
(200 'ins. per stjuarc incli, ov even more when the lulu’icaoiou is per- 
fect) the friction and..also the formatiqp of the film are wlnlly due 
to the viscosity of the liipiid. But with heavy loads the bearing 
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rtiirfaces*arc liroui^lit into contact at :i j'uiiit on the ‘oil’ s.itc oi’ the 
brass, and wlien tJiis is tlio case a ikjuuI jmsessintj to a 

marked (Icltcc is nMniired to pievont eizinjj;. 

In^thc si '0 of p ane surfaces, sucti as slidejilock^i, VuM^osity is not 
qniio important a property from a lubrication point of view jis 
oiliness, an I unless the loads be small (70 llis. per st[uaie ineb or 
thercabontsb a f^ood fixed oil or a mixed lubricant must be used. 

In selectin’^ a lubricant for journals running under ordinary condi 
tions of speed, greater attention should be jiaid to viscosity than to 
any other property, pruvided always that the loads do not exceed 200 
or 27)0 lbs. [ler souare inch ; for, by making the beu-ing’ airfares of 
suitable materials, little harm wiil be done by the. ‘ontaet of the 
rubbing sul faces during the short slow-speed intervals of running. 
Tho lubrication must, however, be as perfect as possible. Indeed, it 
is owkig to the imperfect lubricating devices so largely in use that 
expensive fixed oils have to be used m place of the cheaper mineral 
ones. These tixed oils are a[>t to become acid and to gum ; but in 
reservoir bearings carrying heavy load-, and ]m)[>erly designed to 
give perb'et lubrication, the objeetionr.ole qualities of the lived oils 
which it may bi' necessary to use are masked by a liberal admixture 
of mineral oil. Iiuh'cd, lids form of bearing reduces tlu; friction to 
tlie smallest possible figure, ouables a cheap oil to be used, and 
('conomi/es tho lubneant. 

Kor bearings carryiiig small loads pure mineral oils aiiswm’ admir- 
ably, the viscosity selected being the smallest that will enable the 
oil-lilm to form properly. On the whole, the lower the speed the 
greater should be the viscosity, and the higher the speed tlu^ smaller 
the viscosity. This apjilies with special force to mineral oils. With 
increasing loads, especially if the lubrication be imperfeed, it will be 
found that considerable wear and overheating will result unless fixed 
oils be auded ; t)ut it is only in excojitioeal eases, such as when the 
lubrication devices are i»oor, that jiftre fixed oils need be used alone. 
Kor locomotive engine work, about 25 per cent, rape oil and 75 per 
ce^d j’*' ueral oil will ge nerally work well. 

Except in special cases, greases should not be used unless mixed 
with a good mineral oil, the oiliness of which they increase. 

Tilt Wr./...gs ot railway vel^'des are somewhat o\ce]}lional. They 
have to carry loads of as much as 380 lbs. pm’ squari' ineb, and often 
run ai journal speeds of 9700 feet per minute, as well as very 
On this account, gre.it care has to be taken in their ’ ibiicatii/u and 
desiy^u. The bi'ariif^s are made of white-metal or bronze, are long 
and Jiarrow, are well lubricated b}^a*p:'d pmced beneatlk the journal, 
and are kci*t cool to some extent by the raiTi^ity witii which they 
pass through tin air. With piiosplior-bw)uze bearings, a mixtuie of 
33 pe| cent, of miu^al oil with 07 per cent, of olx e oil is l>y 
one large raf. .uiy company noted for its fnedom from hot axles. 

Lvbrp mta for ITitjh , A-.— (^uick -running spindles, dynamo 
• shafts, and, indeed, all kinds of high-speed bearings, reipiire lynple 
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beari i^ areas and tbhi oils foi^ ilieir, lubrication. The loads"' carried 
p(‘r Sfiuaro inch are consecjueiitly low, and ,pu.re mineral oils may be 
used with ad'v^^ntai^'e. There arc instances, however, where good 
bd)rication is imi)ossiblc, and to minimize the wear a good tixc^I oil 
must he used. The bearings for such speeds should alwa}?s,bo so 
constructed as to keep the surfaces well suji])lied ,with oil without 
wasting it. When this is done, mineral oil containing about 10 per 
cent, of fixed oil answers admirably, for there is then little wear, and 
the frictional resistance is small. 

, Lubrication of Miscellaneous Machines. -t-TIic spindles of small 
machines,'''/.’, I ch as rlorh's, natrh^'S^ and oHujr delirale nipchinisim^ 
are generally” made of hard steel- They work cither in agate 
or other polished miiu'ral bushes, or upon hard brass 'or bronze. 
The speeds are generally very slow, and the lubrication ‘imperfect.’, 
The pressure's are also small, generally only a. few pounds 
or ounces piu’ s(piare inch. The smaller spindles are carefully 
moisteiH'd with a fatty lubricant and put into position. The spindles 
then have tlie capillary spaces between them and their bearings 
surfaces filled with oil, which 'ivnist often last for many months with- 
out renewal. The essential properties of a lubricant for such purposes 
are that it must be as free as possible from tendency cither to gum 
or thicken by oxidation, or to corrode metal, and it must withstand 
exposure to lem[)eratures as low" as possible witbmit becoming frozen 
or unduly thickened. ^The lubricants mostly used arc ])or[)oisc and 
dolphin jaw oils, ben oil, hazel-nut oil, neatsfool oil, sjierm oil, and 
olive oil. Tli(' oil should be e.x posed for some time to a temperature 
rather lower iban that to which the mechanism is likely to bo sub- 
jected in use, and that portion of the oil which remains liquid should 
be separated by (lit ration and preserved for use. Any free acid 
should be removed by the process ilescribed on ]) 'J18. A little good 
mineral lubricating oil may with advantage be mixe'd^with the fatty 
oil, AVhatcver od be used, it should 1)0 ])roved by analysis to be 
genuine and free from excess of acid. Tim lubrijatiun of clocks, 
watches, and such small machines requires gn At skdl and exper’ii,',5e, 
and, unle.ss there be no alternative, it shmdd not be a^Terapted by 
any but an expert. (.)il should be applied spai'ingly. if too niuch 
be used, it is (Irawii over the plate aud,J/be pivot is left thy?-- ^ 

For the rimj spindfrs of iKrfilo niarliincry, which run in a bath of 
at speeds as high as 10,000 or more revolutions per minute, ‘ 
mineral lubricv^'ui^ (.Fis of low- viscosity, not exceeding that of sperm 
oil at 00'' F., are used',' generally pure. Mule ^^and throdh 
roc/uire an od of higher Visco;sity, say from two to three times that 
of sperm oil at 60“ J’ure mineral oil ig frequontlyaised,^bat a 
mixture containing from I04o 20 per c;eni. of refined neutral fixed oil 
is prV ferable, and -is used in many eases. For lo^ms a mineral oil of^- 
stiir higher viscosity, aljout-1’5 t'lmss that of olive oil, ik usei In'*" 
cotton spinning, some manufacturers still use eporm oil, either alone, 
or mixed w"ith a limited proportion of mineral oil in order to reduce c. 
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the tciiSency to guoi. In wooll'^n s^hraiing, mineral oil of nbont the 
same viscosity as olivo o'l at 00“ i*\ is used, also olive oil itself, 
accordiii«- to tl\c class (»f work. A' all pim. m'' val oils cause 
objci'tion.A 'e slai is on cotton or woollen ^oods, wlocn can with 
difflcujti^ he wliol y removed, it ir customary to use cither pure 
fixed oils, or min ;im 1 oils containing a large percentage ol fixed oil, in 
all cases wbere the lubri<;ant is liable to be siilasliecl uiion the fabric 
(see p. 463). For this ri'ason, neatsfoot or lard oil is used for the 
lubrication of larMnalniiff but for some of the light 

bearings of lace-niakiug and silk-weaving machines ^where oil -o 
objectionable, graph te is used. 

For lii/Iit //uf-eAZ/ics, u/w/e/Acr lintds of inarluneTy 

vuuidtKj ci/^luyli mineral lubricating oil is used having about 

the same viscosity as, or even less than, that of sjierm oil, preferably 
inixe^ with from 10 to llO per cent, or more of sperm oil. 

For hoary sciriny marhinr.'^, prininaj marhiner.^ in whine tooh and 
other (jciieral niaelnuery, shajiuiy^ efr., a mixture of mineral oil with 
from *10 to 20 per cent, of neutral aninr’i or vegetable oil is suitable, 
the viscosity of the mineral oil emidoyed depending upon the class 
of machine. T!u' heavier the machine and the slower the speed, the 
greater the viscosity needed. An.mal oils as a class are prelerablc to 
vegetable oils in such mixtures, because they are h'ss liable to^um ; 
and for the same reason the larger the projiortion of mineral oil which 
can be used the better, provi<led tlie bearings are eiliciently lubricated 
and run cool. Among the vegetable oils, neutral coco nut oleine is 
one of the h'ast ox’idizable. ►^metimos other considerations, such 
as fluidity at low temperatures, or cheapness, are of pai amount 
ini])orianee, and lead to the emjiloynient ol v(\gctahl(! oils like rape, 
which are somewhat readily oxidizable. 

Dyn(uiiOi^ mid niotort< with bath or ring lubrication are lubricated 
with mineral having from two-third*' to about three times the 
viscosity of rujic oil at 00“ ac5ording to the [)Owcr, weight, and 

speed of the machine, d’he mineral oil is preferably useil pure. 

y c i '>'*’hine bearinyh {^forced or civculaiiuy pmup tubrirai am) pure 
mineral oil is used having a viscosity ranging from one to five times 
tiv.i of refined raue nil at GO" F., according to the weight and speed 
of the fZi’tbiiie aiiu the tcmpelfc'.ture at wbicli it has to work. 

For W\Q forced lubrication of Irigh-spcpd mineral oil 

of about twice the viscosity of rape oil at fiO" F. is suitable, tu .. 
important that the oil used should separate reauily f jm water, and 
be et 41y filtered wlfilst in circulation. ^ ^ 

For th ^ sjMi lubricatii^i of hiyl-^^ee I stemn enyiuHs (^Vilhtm iype^ 
charcoal ulttred mineral cylinder oil of modi unj^ viscosity mixed vvitl 
a very little (2 b> fi pci ceiit.^ of lard dil answers well. The sam# 
oil slmuld be i ,ed 5nr the cylinders of the engines. The proi^^jjtior 
of ml to wa..er in the bath Bhould*>e ab. uo one to ten. Soft watei 

should I j used. • • • i >i i • 

For locomotive and tender axles and machinery mineral oil ligviii^ 
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from' two to fom’ thnos tlui viscosity of rape oil at 60"^ F., mixed with 
retincd rape oil iu thp proportions of three- of mineral to one of rape, 
answers well. *^''Vor very heavy locomotives, espctially pi warm 
w(;ather, it is dcsirabltw to increase Ihe viscosity of the nfixtnfe by 
the addition of some ^ood mineral cylinder oil, but dark'^iJatfiral 
or redueexi oils must not be used for this j)iirpose/as tbt'y interfere 
with the fre(‘, siphoning of the oil throiij^h the worsted trimming. 

In hot climates castor oil is used. 

f’or inan'uf^ ciufinc and marhiurrn worlawj in hoi ^jlaren, 

inineral oil is used in admixture with blown 'or thickened vegetable 
(usually tviJa*),/)!!, the latter oil forming from JO to 33 per cent, of 
the mixture. - ' ^ 

For the Jiihriralhu of nfcani enninc njlintln'A heavy mineral 
cylinder oils should be used, mixed with fnnn T) to 23 per cent.* 
of rape or other hxed oil, accor«bng to (urcumstances, a^ways 
endeavouring to reduce the pio])ortion of hxeil oil to the lowest 
]>rojK)rtion necessary to ensure ethcieiit lubiication. In some cases, 
pure mineral oil must b‘‘ Vi'{^d, or no oil at all, as in the cylinders ' 
of marim^ and other engines '*»vorking with surfac! condensers the 
water fi'om which is returned to tin* boilers. In such cases it 
would be dangerous to use fixed oil, unless the condensed water 
were '"'mpletely pnrilied from oil before In'ing returned to the boiler. 
Lubrication is improved by mixing a small quantity of graphite with 
the cylinder oil, but ui#‘ss the mixtiiiH! be kept continually stirred 
the graphite' settles out and causes trouble. Lhapman’s automatic 
cylinder lubricator, described on p. 433, has been sjiecially designed 
to feed such mixtures. Lhapman tic Knowles have also patented a 
mixtiu’c of gra])hite and glycerin for the Inbricalion of steam engine 
cylinders. The graphite is im}»regnated, before mixing it with the 
glycerin, with a snllicicnt quantity of petroleum other hydro- 
carbon insoluble in glycerin to reduce the specific gravity of the 
mixture to that of the glycerin, flius causing it to remain in suspen- 
sion. Special advantages are claimed for th's * oildess ’ lubricant in 
cases where the condensed water of steam engines is use^ for fcei!" 
boilers. For further remarks on steam cylinrjer and viilvo lubi’ica- 
tion see p. 482. 

Fo. f/(zs fni/i/n^ riffindcrif an oil ve'^y largely used is^iT mixture 
contain ing, ajiproxiinately, DU [ler cent, of mineral oil and 10 per 
'“cenTTof neutral fixed oil, the viscosity of the mixture being aliout 
the same as thif. of ra])'j^’il at G0“ F. In the working of these engines 
carbonaceous dejiosits are, liable to be formed b^ partial combustion 
of Rie lubricaTiit, especyilly wlrjn^’utod in ci'.cess, which not only foul 
the cylinders and pi^’sagcs, but, with high compressions, . frequently 
causji^ troublesome pre-ignition of tlfo explosive ga^es. For ^ this 
reasQ^; tlie minertd oils seleetetl, for lubrication esbould,, be suffh 
have undergone very carefifi rcctilicaiioii and show the least tendency 
to decompose and de^iosit carbon wheif Ivoatcd. They should also be 
oils 0 ^ low volatility, ie. not losing appreciably by evaporation at ® 
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working temperaturcii ; and it would (crtainly appear dc siraVle to 
exclude as far as possible any julm;xUirc of fixed oils, seeing that 
these arv. noL papable, as are the mhieral oils, of,b'ing volatilized 
witlyut deroinpos tiuii. The use of pure iiiine''a’ oil, jf suitable 
visfositj and low olatility has ])een found \o give excellent results 
in the author’s exjKTienee with gas engines, as welt as being cleaner 
in use and cheaper than mixed oils. Yeitch AVilson, however, 
informs us, as tlie result of extensive practical e\]>ei-ience, tlial luaiiy 
oil eurjinc^. can only he run witli either ]>ure lixed oils such as olive, 
lard, or neatsfoot, ^ r \yth mixtures largely composed of such oils 
The de]K)sits which are found in gas and oil engine c; ’.inders are 
not always wholly lormed from the luhncant. A dc- osit of carbon 
may someftmes be duo to incomplete combustion of tlie ga,s or oil 
vapour, if the air supply is deficient: sulphur and compounds of 
sulpl^ur not iufreijuently met with are derived from the fuel. We 
give analyses of three deposits, two taken from the jiistons of gas 
engines, and one from a gas- valve chamher, which have come under 
our notice.. The first was from an t^i'dno luhrieated with a dark 
llussian mineral oil, and is a typical g4,s-enginc cylindi'i* deposit. 


Non-ndy organic, matter (cliictly carlxm), 
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T1 0 ^ibrlcatioii of w.ot()r caio is a Fipccial caso'^of tlio lubricc^tion of 
high-speed g^ts and oil oiigiiies and machinery, h’or the chamber 
lubrication engines, mineral oils of high viscosity 'Vnnst be 

used, on account of the high working temperatures, and tbey must 
be selcett'd for petrol engines on tlie same j)rinci[>les as foV tnd 
oil em^imis, ?>. carefully rectified oils from good crude petroleum 
must be used, not readily (h'composed by lu'at, and not losing 
a])precial)ly l>y evaporation at working temperatures. Vvhethcr the 
mineral oil 1)0 used alone or mixed witli fixed oil, :ind what propor- 
tion of fixed oil should be added, must depend upon tiio conditions 
wliich oltif.tM in the particailar (‘ugiiu*. t'nr Ih- machinery of motors 
lul)ricated on ilie circulating pump system, when' tin? oil is drained 
from the l)earings into a reservoir, filtered a,nd ri'-usi'd, IhL* lubricat- 
ing oil should be pure mineral of no greater viscosity Ilian is needed 
to keep the bearings cool; any \iseosily in cvcess of this inv<)lves 
increased friction and waste of driving ])ower. Motors lubricated on 
the dj'op siglit feed system should 1 m' snp]ilied with a mixture of 
mineral and fixed oil. certain I lea rings, grease cups arc used,' 

and for these care should he tahon U» select greases whi,‘,h melt at a 
suitable temperature and do not sejiarate, />. the oil in tlic grease 
must not run down and leave the soap in the cup, hut the grease 
must melt as a whole. 

For the cylinders of fitted with flash boilers like the 

‘ Serpollet,’ the ‘ Miess^' or the ‘ dlarkson,’ eljarcoal-fdtered mineral 
cylinder oils an* preferred. Kor those fitted with iinilti-tiihular lioilors, 
like the ‘ Loeomohile,’ ‘ White,’ or ‘Ihiryea,’ natural mineral oils of 
high ilashing-point are used. ^ 

Kor 4mm /orrips, traction enahicti, etc., which work at* high 
pressures, exhaust direct to the atmosphere anil, as one maker says, 
‘cough’ the cylinder oil out with every stroke, heavy dark oils are 
good enough, used pure for superheated and mixed with rape oil for 
saturated steam. Kor the splasn’Mubricatioii of the eiigmes of all 
steam motors and lorries pure mineral oils juiist ht used, to avoid 
einulsilication with water. -o 

The hall-hoar in (jfi and chain /iws o/* ri/cfos ami mofnr Adudotf work 
under licavy ])ressiires and comparatively slow rulibing speedsy/'"' 
the slip of the contact faces of the ^^alls u])on their «>ajtBig sur- 
faces IS very small. The conditions undi'r w^liich slip takes place 
?hTnT.':ioh cases, and the real part a lubricant plays, can only be 
explained by thu theory of (Jshornc Reynolds (see (’hapler I., page 12), 
Here wc are eoueerued rather with wear than ' friction, and s^ich 
friction as exists is low speed. ’’On this y^ccount a good neutral 
animal oil or fat, pure 6r mixed with a faivly viscous mkieral Rubri- 
cating oil, is the most suitable, "’he ckaiii of a cycle oi motor, both 
as re^fj'rds the fricUcu of the pins and of the links /-in the tcetli o,t the^ 
wbeci, works under eonditio.iS wb*icl» require a good grease or a good 
fatty oil. Sperm oil unixed with a litKe Aoisf'liiic to thicker, it, and 
with plumbago to keep the surfaces from grinding if they should 
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become ’a little dry, answers wen ior*cycie cnains. Hiin^j^oon ^elly 
mixed with graphite (Pace’s ‘ llfiiigraphiiie ’) also gives ^guud results 
and lasts well. ^Excellent ^e^ ills are also obtaiiiede/l/ numiiig the 
chaiij thrc^^igh a btith of pure sperm oil, or a iiiixiUie of good mineral 
oil wi4i^i little "•efiimd animal oil, ’"Inch is i?' M suitable case 
secured to the imichine. Pure mineral oils seem (piitc unsuitahh;, 
as with them the nearing surtaces are apt to wear unduly. Kxcei)t 
where an oT-l>at;h is used, a thick oil or grease is necessary for the 
chain, as a thin liquid rapidly runs oil*. If pro])eily protected from 
dust and dirt, ana suitably lubricated, a cycle chain ooght not 
require tightening up more than once or twice in a, umi*. ;^or motor 
chains, a mmtral ammal fat or good neutral grease /^riji-thicbened 
oil) mixed %ith graphite is reiminmended, such as Price’s ‘Cirogcne,’ 
which is a lubricant of this nature furtluT stilTcned by the addition 
ot wa^i:. 

For VC I'll hcavij hcai'iinjn^ solid substances, such as soapstone, 
graphite, asbi'stos, (do., are sometimes used as lubricants. They 
cannot easily be sipieezed or scraped frc^betweeii rubbing Kiirfaces, 
and are, consecjiiij^itly, suitable wlu're gie/it weights liave to lie 
carried on small arc'as, and where the speed of rubbing is not bigli. 
Indeed, some solid lubricants wid sustain, without injury to the 
surfaces, jircssures under which no liquid ones would work. As a 
rule, the bearing surfaces are made of exceedingly hard materials. 
Jletwemi (;ast-iruii surfaces plumbago has been found to give good 
results. T. Shaw found it to he superior to oil for the tables of heavy 
planing machines. 

For the hot-mckt^ of rolls, pit^fics of various kimls are used, alone, 
or inix^d with heavy mineral lubricating oils, or the latter may be 
thickened with soap, ote. ; see p. Idl. 

IliK^raulii' Mdrhinenj. — In hydraulic machim'ry many fit’ the 
rubbing surfacci^of the spindles, valves, ''tc.,are in a great measure 
bathed in water, and siieh lubricant* as can he used for them must l>e 
carried by tlu; water. When the same water is used over and over 
n 'xed with as m’?ieli fresh water us is necessary to mei't the waste 
due to leaka'^ through glands, etc., it is treated in the tank from 
it it^ pumped and into wddeh it is returned from the maediincs. 
In soft oap alone appears to bii the best lubricant, but a 

little mineral or tatty oil may bo added. The soaps formed in or 
added to the water etmeentrate upon all the surfaces with win* 
tluid comes into contact, and form very tcnacioio iilm^»>\\]'ich prevent 
the fitting and grinding of the valve faces. ** 

When ^-he watci is obtahicd fro^ji Stry^'t diains, and is, passed after 
use into tlKulrains, the lubricant is gene.*aliy cTchled drop by drop by 
means of a tubrica tor actuated i^echanicaliy by tne hydraulic machine.^ 
The rate of sup* ij ^ thus regulated in accordance ith the vp^me 
of wpJe^’ jias^’mg. AYhen the pressure is h low 750 or 800 Ibs.^ier 
square i»eh, a mixed myier^l ^md animal oil a»swers well, but for 
fhi/^her pressures soft soap is a better lubricant. Hydraulic rj,nis, 
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slidt^s, guides, etc., in cool cKmut('s may l)c l(ibricatod witli tallow, 
provided it kc free from acidity, as this luhnc'iiit does not alter much 
at ordinary tcgi;^i erasures. ^ 

7V///.S, A:c//,s‘, rlr , — To enable nuts, huilcr wash-out ])lugs, ,keys,^ etc., 
to be easily placed in position, and removed again after Suajicjing, it 
may be for months or years, in warm places, a lubricant is retpiired 
whicli keeps its nature and does not evaporate, corrode, or otherwise 
injure the metallic surfaces. Kor such })urposes, talk w,'!^’ other fat 
or oil, or greases containing them, should on no account be used. 
iVo dt)uht they make the nuts, etc., work freely in tlie first instance, 
but in a \-rrv short time the f.it undergoes a (“kange which efrectually 
c,orrodes the surfa'ics togc'thcr. Even a mineral oil, altliougli it does 
not set up corrosion, flows out (c the joint in the coiiice of a few 
hours when heated, eva])orates, and leaves the surfaces free to ‘hind.’ 
To [ircvenl this, the best plan is to make use of ;i luhrieant eonsisiing 
of a thick mineral cylinder oil or petroleum jelly mixed with black- 
lead. llore, even if the fluid or semi-solid portion of the lubricant 
should he driviai out of tlch joint by cajiillary forces, the black Icail 
remains in tlu' joint, keep> ttY^’ nuts, etc., frei', and enables them to 
be easily tightened or taken offal any time without risk of breakage 
or damage. 

flpwev(‘r, there arc cases where no lubricant must be used, such, 
as the nuts of the bolts securing fisii jilati's to rails, whiidi, if 
lubricated, would iie apt to slacken back. The same may he said 
of the liolts securing Aany of rhe parts of maehines subject to 
vibration. 

Boiler Fit/hiffs. — The valve spiYilh's, valves, etc., of fittings 
attached to steam boilers are apt to work ratiier stifdy owing to the 
ditlieulty of lubricating them, and the rapidity with which most 
lubricants Icavi* tiic heated surfaces. For them the mixture dei^erihed 
aliove for nuts, etc., answers w’cll, the lubricant iiik'iil cases being a 
mineral cylinder oil or grease euimiiiing a lubricating solid such as 
black-lead or French chalk. 

Tlie glands of low-pressure boiler fittings nh‘w ho packed wdth hemn 
or jute soaked in parallin wax containing I'rcuch chalk r black-lead. 
The wfi tio/id hihriiumf should on no amnint hr a Jidlij oi( or o‘;coyp 
SiKih lubricants attack the metallic f ^^rfaiH's witli wh^c?' thi^) come 
into c ntact and cause the glands to leak, i^’ur high pressures, or in 
hot positions, the hemp must he replaced by asbestos cord or 
metallic packivgs, « 

Some enginenu'n liaV^\adopted the practice of putting oil, op the 
waste wafer from their cylinder lubricators into steam boilers, either 
through the iiijectors 'or into the fet'd w-ateF Tliis [uvietiee is one 
wdiich slioulvl no/ be adopte?? under any circumstances, for the 'acids 
thutjgiassed into the boilers or formed tbere by (U^cumposition of the 
fixtfi oil whicli most cylHiuer ' lubricants conlaiir, give rise to or 
seriously accelerate t the rate of corrosion which often resiilts from 
the strains set iij) in the metals by changes of temperature, etc., 
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Lubrication effected \:\ this way not o» ly endangei’s the li .'^s of J-hose 
who adopt the plan, but is sure to seriously shorten t])|i life of the 
boiler, C'uooiallY if the water l)e sof . If the a \ter hj hard, greasy 
deposits ai'o forn ed, which are apt to cause overl.eatiUg and collapse 
of • 

Guitiftg Tools.- -ddie cutting edge of a tool, such as that used for 
a lathe, drill, slotting or other machine, is, owing to its hardness, 
enabled to ^?.rnbed itself in the softer metal. Wlien the metal is being 
worked, especially if it be a tough one, heat is <leveloped, not only 
owing to the fri^ don ^igainst the tool, but also oudng to the distor- 
tion suffered by the ?trip cut off. A large jiropf'ition cd' the heat 
developed distributes itself in the mass of metal, ”d 'le some of it 
spreads to^he tool, raising its temperature and occasionally seriously 
injuring its tem])er. To jirevent tins, a stream of liipiid is directed 
ag<*!nst the tool. Water is generally used, hut owing to the rapidity 
with which ])lain water rusts clean iron surfaces, it. has to be mixed 
with soap of some kind, which also acts as a luhrie.ant. 

At tin: cutting point there is ac'ual metallic contact, and the 
friction is mainly that of an unliibri' .iled* surface, i.p. the friction 
decreases with increasing speeds of eultiiig. The increase of sjieod 
eoiiseipiently deci‘ea.ses the load on a drill, although the heat pro> 
duced may he soinewliat greater. On tliis account it is well, should 
a drill break, to tirst try a higher rather than a lower speed, "ilftless 
the heating effect produced he already too high to admit of such 
a change. 

In many shops the speeds of machines arc lower than they need be, 
for it is sometiiiies assumed thj^tdneakages can only be prevented by 
runi'ing at low s])eeds. Mineral oils, being deficient in oiliness, are 
not suitable for high-speed tools which require good lubrication. 
Fatty oils sin,;h as lord oil, or a mixture of soft soap and soda, from 
14 to'ir lbs. of' jnch to 100 gallons of water, are greatly superior. 
The water, having a high specificjieat, keeps the tools cool, whilst 
the soa]) and soda improve its Inhricating qualities as W(*ll as prevent 
the surfaces from riist ’ig (see p. 131). 

* 1 he exact ^effects produced by a lubricant upon tlic working of a 
cutting tool, at least vO far as driving power is coneerned, are not 
^T&to*. '• That the lubricant jienetrates 
to the iieignbuurliood of the cutting edge is shown " \ 

by the increased smoothness of the finished surface, jf ' Vjf?’ 

and by the greater force reijuired to keep the tool 'k ,/yi^ 
against the work.^ The lubricant finds Hs way 
almost, if not quit#, to the cutting edg« through Fin. ir»4 , 
the gap -it A (fig. 15'). Vhc cdjfo of une tool, being ’ 
lubricated ^oest on the side A nearest J>be w#rk, is unable to dig 
in and tear tl j metal, wbicfi is, therefore, finished smoothj^nd 
liartiaily biw'M^heif All bearings •should \fe finished with a Eery 
sharp and well-lubricated too) no emery being used if the metafile 
at all soft. 


1 
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S^eam Cylinder and Valve,. Lubrication— Natuu'e of . — 
Although possible to so lu])ri(’5ite the cylinders and valves of 
a steam engine! Ahab.there shall be no excessive wear, it is i’-i])ossiblo 
to obtain anytning like the results, so far as friction is conecnied, 
given by a well-lnbrieated journal. The pistons and valves move to 
and fro in straight lines, and do not tend to automatically^ place 
themselves in such positions as to trap the oil properly and keep the 
surfaces from toiiebing. Neither can the large ext/mt of surface 
exposed be kept Hooded with oil, the passage of live steam through 
the valve -chest and cylinders not admittiiif^ the presence of large 
qnantiti('>‘g)f oil. We liave, therefore, to be content with the presence 
of a lubricati }jr Him of no great tliiekness, an 1 either make the loads 
on the bearing surfaces small t " caiisi' them to inove^somewhat 
slowly. 

For a, })roper understanding of the conditions under which :lie 
eflicicMit lubrication of steam-valves and cylinders takes place, it is 
iKuaissary to (amsider at some length Uie physical pro])erties both of 
the lubrieant and of the stgam. 

b]raponiti<m of Oil. — llv( i,.,(at ordinary tenifieratures watei*, vvheli 
in a dry atmos])here, ovapomics, the vjqxnir mixing with the -air 
and niidving it moist. Such evaporation goes on until the air is 
saturated with moisture. Somewhat similar conditions occur at 
the 'iilv' surface of a mineral oil. Such oils slowly evaporate until 
their, vapours saturate the a,ir or steam in contact with them. 
With ordinary bearings at ordinary temperatures there is very little 
loss by evaporation, when oil of good (piality is used, Imt at the 
high temiieratures of sU'am cylind/K’^s serious loss may occur, for 
not only is the tendency to evaporate increased, Imt tlic oil vapour 
is rapidly carried off with the great volume of sttum passing 
through the exhaust. On this aci*ount, mineral cylinder oils should 
be carefully tested as directed on p. 191, and all that aie nuduly 
volatile rejected. ,, 

DecompoMIhm of Luhrimiili^. — Vegetable and animal oils are nnsnit- 
able for cylinder lubrication, as, in contact w^Mi f,leam, at llie high 
temperatures to which they are subject^'d. they iimh'rgp a ehcinicai 
change resulting in the formation of tree fatty acids (p. 105) which 
may give rise to very serious corrosion.^ In mnny mstiYvyes.^tife use 
of such fatty lubricants has rc^sulU'd in the cylinder Tiictal being 
^^pjjj^rcd (piitc sjiongy and porous in the course of a few years : bolts, 
valvc-s})indles, studs, and other parts have been cut ipiite through, 
and cylinder jouits, etc.,ifreiidered leaky. 

IHie steiim passages r7so bepme choked vsith metallic soaps, 
oxides of iron, and freq, carbon, resulting fiom. the chemical action of 
the fatt}" acids upon Uie cylinder metal and tlie destnicV.v^, decom- 
'posj^^^on etlected by heat and high-pressure steam. In locoinctives 
thcjiiil thrown against' the hot bjast-pipo, and oven tliatuadheriag to 
the ports undergoes destruetivc distillation with formation of a 
carbonaceous deposit, which accumulatcs*anu gradually blocks up the 
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passages. A partial i.nalysis of ^iKih if d(‘])osit scrajied fro.o a piston 
head is given below. 

Fix(‘>i t.'irb^i • ;i,'‘eo7 

^H y(lif ><‘;irl> 0 Ji sol n I ib* in ether, .... . 7 ^^'2 

II iMeuti^'.I fatty il, . . . . * . 3-U7 

i at^’ acids, flee, and cr»i!iliii)ed with metallic oxides, . . ‘J-o'J 

Ash ; (sliiell , •tvides of iron, with ^mall (Hiaiitities of copper 

o • le, lead o\id», i‘lc., ... . . ^1-1 '85 

Moisture, *. . . . . 

Undetermined and los-, 4'4t) 

• fl(iO-(l() ^ 

Fatly oils, however, when mixed with mineral oils, iitquantities not 
exceeding ^ to :!*() per cent., do noi .M*em to ])iodiice thesi' ohjection- 


ahle results ."O naulilv ; indeed, the Inhricatmn of j)arts which have to 
ia^-j^very lieavy loads is gieatly improvi'd hy the addition of such 
oils. 

When surfrU'C condensers are used, and the condenseil waUu' is 
igain pa.ised into the boilers, great ca.c^);iist he ext'rcised to ]>rev(?nt 
the passage of the oil used for the hi^neafion of the cylinders into 
them. Tallow, ‘snet, castor oil, anii other animal and vegetable 
lubricants must not. lie used in s I'di eases, even in small (jiiantities, 
for the acids liberated by the aidion of heat and wat(‘i‘ vapour jiass 
into tlio boilers and <mnse serious eorrosion. These acids cannot be 
separated iroin the water by merely allowing it to rc'st for a time in 
!i tank ; tlu'y remain to a large extent suspended in the water, giving 
it an ojialescent appearance. Mineral oil also n'lnains suspended in 
condensed water in a very fip^^statc of division, and even tliough a 
C()iisid''rahl(‘ (pianlit\ may rise to tlie surface and he removed, 
sutlieieut may n-muiu iii suspension to jirodueo very serious elleets 
upon the lliHss. Indeed, its presence may so cheek the jiassage of 
jj^eat th )ugh tiW boiler plates as to ca"se them to eollajise. When 
the water is passed through au •tlieieut liltei' before entering tlie 
lioiler, and is thereby made lu’ight and clear, no corrosive action 
appear^ to take place,^hc grease, etc., being for all practical ])iirposcs 
ml minuted. ^ 

The deleterious et'ccts produced hy the action of a lubricant on 
mari 4 ..^J,’(T^^, w -en surface e^m den sers have to he used, have led to 
marine engines being run v itliout any direct Inhrica-tion whatever 
of their steam-chests or cylinders, lliougli a certain amoiiUL 
finds its way in from tlie swabbing of piston* rodq^^e.e. This can 
often be done witliont any very serious w'Cvi' making jilace, for the 
loa(f on the rubbing* surlm'c.s of mw} weff-dosigned f'^dnes is ^ry 
small, 1 ) 1 1 \^ith new V ijgmcs slow speeds mutt be a<ioj>ted to begin 
with, and sni’faoes allowed^ to ‘ burnish ’ anl^ acijuire hard skin^. 
For /omarks o-. use of graphite in cylinder oil^, and of mi?<inrcs 
of glycerin»“ nd graphite, see p. 47^. , * ^ 

Appliration of iUjliiohr ard Volve Jiven when the 

lubricant used for cylinders is a good one, it is sometimes found^that 
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the iiro imperfectly lubncjited^ This mr^y arise from several 
causes, inost^)f which, however, can he traced to superficial tension 
phenomena. 

It hiiH already Ix'en explained that water will not touch vthe <^jiled 
surface of a solid, although the relative superficial tLnBi9nS'o of 
metal, oil, and water arc such that the latter has a greater ^ atlinity 
for the nielal than oil has. Ihit oil cannot be readily moved from a 
metallic surface by water, for the oil is nearly insoluble, <md evapo- 
rates very slowly. ( >n the other hand, water may be readily replaced 
\vi oil, owjni; to the facility with which thc^ water evaporates and 
h'aves a ^!>.omparativ('ly clean surface for the oil to cover. The 
superior alliniiy of a metallic surface for water rather than oil is also 
shown by the rapiflity with whi'h water will displace the' lil from a 
hearing where there is abrasion going on, and will cause it to run 
hot. The presence of wabu- in a sb'am-evliiider or steaiii-chgiju is 
eonse(pienUy dehderious. The friction of the faces rubs off the oil, 
and if water be present in bulh, it c-overs the surfaces, and if the 
loads 1)(‘ heavy, they grind ^.nd tear in the absence of a lubricant. ^ 

Tlu' condensation whicli f.^kes place in a lono steam-pipe will 
often send so mueh water into'’ the engine cylinders that lubrication 
becomes impossible. To prevent this, se])aratv)rs are fitted so as to 
dry the steam hefoi'C it is used. A vertical exhaust pipe nut fitted 
with ^(train pijie to carry away the water will also cause wear and 
tear of the valves, for the water condensed in the cylinders cannot get 
away freely. Uillieiil^ is often experienced when valves are })laced 
on the top of tin; eyhnders, for the water in the cylinders and steam- 
chest cannot escape, hut remains or. the (ylmdev bottom and the 
valve faces. 

The l-> valves of non-compound liigh-])ressure engines, especially 
when not balanced, press veiy heavdy ujioii their faces, but the 
stroke being small, and the speed of nibbing low’ 
th<' heating elV'^'ct is not large. 'I'he pressure upon 
them, however, is so great, that wdmre at their ends 
there is any consiilorahle u'cgth of valve seating 
which, owing to the short stroke, is no/ exposed to 
tlie steam, the surfaces are apt to grind and tear^^^ 
To ensure the proper lubrication of^^tliis part of tl\y~valv?i lacej 
groc es may he cut in it, as shown in iig. 155. 

have in a previous chapter described one or two forms of 
lubricator desigp''d tr steadily introduce a lubricant into the steam 
spaces without entailiii^ loss of either steain or oil. Such a 
lub’icator is generally placed alx've^ the })oijit wucre the steam-pipe 
enters the steam ches;. It must' not be olaccd aboye the main 
steam-valve, for when the engine is not at work, the stcam-pijlB may 
beer ^le filled witji condensed water and tlie lu^ficaior allowed to 
feed'^irito it. llisiug tip the wvter-logged steam-jiipe, the oil will ’ 
flow into the boiler,, .and may cause sericnis injury there. T^e 
conveying tlie oil from the lubricator Bbould*he carried well into the 
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steam-|^ipe, so tliat oho lul)ric?int ni.^y be delivered into the 'i’apid 
current of steam and not al)ovV{'d to run down the side^^ of the pipe. 
Indeed it is a .food plan to carry tliO oil-suppiy p p ’“^jfht across the 
stet m-pi e, anu allow the oil to escape throUj;h a number of side 
pwfc.^atioiis. Vv hen this is dom', the oil escapes at several jioints, 
is wolf distributed over the column of^steam in the sUam-pipe, 
covers the siiri’ace of each particle of water pahsiipn witli the steaiUj 
or is carried MS sjiray to a.ll parts of tlic steam-clicst. Ihe water 
particles, being covered with a pellicle of oil, then luliricate instead 
of merely wetting wilt water tlie surfaces upon which tiicy impinge. 

Management of Machinery. — ( -Oii.-of tiaV/nst points 
to be atteiuh'd tj, if machinery is to he kept in good order and 
work satAfacionly, is cleanliness. We have already pointed out the 
necessity of keeping grit and dirt of various kinds out of the liibriciuits 
use^i. But rapid waair and even overheating may result from dust 
hlowm about tlie engine or machine room. On this account, projicr 
care should he taken to ]>revent the accumulation of dust in corners, 
louvres, etc., for in w'lmly weatin r ’ is liable to lu; suddenly 
scattered over Uie machinery. Ind cn, every precaution should be 
taken to prevent the admission or grit and dirt, the iloors being 
moistened and swept repeate 1 ly, and every corner s(U*a])e(l clean. 
In many cases it is well to cover motois, dynamos, etc., when not at 
work, by canvas coverings. 

The extent to which jirojier care is taken to ke(g) the machiiuTy 
in order, and in proper running condition, is neaily always reflected 
by the general apiiearance of the installation. (!areh'ssness of man- 
agement go hand in hand w*.rt dirty machinery and untidy engine- 
houses and shops. In many of our modern engine-rooms, dust, dirt, 
and scattered oil or waste are considered as much out of place as 
they would he in a dwelling-house. 

* The nature oi*thc task imposed upon the eiiginei'r in charge of an 
engine-room or mill depends largely upon the ({(‘sign of Uk; machinery 
he'lias to look after. As extreme cases we may contrast the huge, 
’oving pumpiLg engine of tlie last decade with the compara- 
tively ligh ; high-speed motors fnniishiiig ]K)Wcr f(;r a modern 
udppiric-light slatioii. In the one case lubrication is goncrall> ellceted 
oy Vi'.,!. oi^V'Upi feet sijihon arrangements, and in the other by the 
more modern automatic im^liods giving perfect lubrication. On the 
score of satisfactory running there is little to choose betweei ;1 ' ’yi 

methods, but. the older machines cann(»t cempar' js regards first 
ccjj't, and economy*with the more modern d. signs. Jhii il frequently 
ha,pp^’'s that steam, gai^ and oi^ moP'rs Tire made tq, run at speede 
for which their lubucating arrangenieiits ar« ipiite unlitted, and it it 
only by* the exercise of t^u* greate^y care^that (jasualties can J)t 
avoided. F” 'C lubrication lyid good fatU’ oih being nec^nsary, 
splashers i.tkve to be fixed in such •a wa; as to prevent the oi^rom 
being thrown about, i/ns placed to cattHl' that portion or the 
lubricant which is ejected at the ends of the brasses. 
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s])t‘('(ls may be coiisiffered ^>5 raiiginjr^from 500 to 15,000 
revolutions mi'hite, the speeds ^cnenilly eonlined to 

comparatively <is]>iiKlles traiisi jiUinii: eoiisideialj\‘ ]joWer, and 

the lower speeds to shafts seve^ul inches in diameter. ^ To ffuri 
sii(;e(^ssfully, tlic lubriearion must cjways Ik; good, for the loasjt frtiilurc 
in the oil siipfdy causes the bearings to run hot. ensure success- 
ful running, the oil-bath prinei])le should be adopted, the. lubricant 
b(dng thrown continiiousl\ ovrr the ])ortion of the bearing on the 
o[)posite side to that of the brass which carries the load. This may 
I a^cilecteiL eit her by the action of a disc, chain, or hoop on the shaft, 
or by a sniali })ump raising the oil Iroin a reservoir below the 
bearing. 

111 some high-speed bearing' loi- shafting, vvhieh have only an 
imperfect automata* supply, additioi.al cups filled \vith griMse aye 
placed at tlie ends of the bearings. Should they run hot, this gwase 
melts, runs out, lubricates the nibbing snrfai es, and pri'vents for the 
moment any serious injury. The eovi'rs <if such grease cups often 
rest ii[)on the grease and fa.', when it runs away, thus warning thc^ 
man in charge' of th(; need of re dciiishing. 

At the present time the whole tendency of modern engineering is 
to run every machine at its greatest possible speed, and thus get a 
maxij^nuni amount, of work out of a motor of miniimnn size and 
weight* To enable this to be successfully aceoniplislicd, the new 
methods of lubrication liave to be adopted and tin' old loose methods 
of engine-room mani^einent replaced by methods which entail 
constant watchfulness coiieerning the details of lubrication. 

The attendant in charge of high-spec 1 machinery must exi'reise all 
posKsihle care and attention, for, as we have pointed out, macnines arc 
fre(|ucntly made to run at speeds for which the methods of lubrica- 
tion adopted quite unlit them. 

StartifKj of New ]\f((rkwery. — To ensure tlu' proper working of any 
such complicated piece of ineclurii.'^m as a steam engine, especially if 
it be run at a high speed and with a heavy load on the bearings, or 
if the work transmitted or developed be large, much depends npou 
the iiitolligencc of the erecting litter or of the engineinan^ vvho sets the 
machine in motion. Of course the bearings ma} be so designed ^hat, 
owing either to the strains set up by tlKt stresses acting tht-m, or 
to th expansion of the parts from the heating of the cylinders, etc., ' 
■'IrCi-mbbing surfaces are pressed together with undue force in places, 
and cannot pi'S'^ddy inn cool without .some small alt(;rati()n being 
made or additional ehaiftnec given. Upon the toginoer in change, 
therefore, fallsitlie duty of inaHng good sucjj» dofeets in the bearii^gs, 
or their method of hlhricatioii, giving freeuom to cei«tain parts, 
such as Slide bars, to expaeid so that they may nol^ bi>:kkV with 
cliaiJjjos of teinperalure^ putting in Uibricating grooves, etc., wjierc 
thc;^iiave been omitted, arranging'* for the proper cscajie of ’ condensed 
water from tlie cylimiors. and taking cure^lhat all the surfacl!*8 have 
been properly bedded together. All omissions detected, or alterations 
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made sTiould, of couk-?o, be Girried ou^ witli ttio cogi izancc of those 
responsil'ic. ^ 

Evco \v]ion a.i j^recaulions have been tabeii, u ..lo will seldom 
rui coo) it at onee worked with the full load on or at its 
mtx’iiiyin speed This arises from tlie fact that :or gooil lubrication, 
and to obtain a low (.oellicient of friction, the working parts must 
bed tlieiMselves togt'tlier in a w'ay which a litter is (juito unable to 
imitate. Iiuk'cd, in a short time all bearings, if projierly designed, 
are w’orn to a shape which enables the lubricant to b(* drawn in 
betwaM'ii the surlaees :*nd wedge them apart. When thii^ shape ha. 
once been attaiin 1, further wear at running spii-ds aliiTost ceases, 
especially if suit ible metliods of lubrication and )i jper lubricants 
be used. • The m:ichine should conse(ptenLly in ilie lirst instance be 
van with a light load at a v(TV low’ speed. I'lidi-r those conditions 
Iheewear is eomparatively rapid, especially if a moderately thin 
mineral oil b(‘ used and the journals and pins be allowed to bed 
tliemselves in the brasses. The s[)eed should then he increased, and 
the blended oil used when, aftiu* some ^ ours’ running, the working 
speed has been ‘'ttained. During th .s stage it is well to snpjdy the 
lubricant libera, lly, to prevent overheating. 

In the case of railway velii 'les, even wdieii the greatest care is 
taken, a journal may run hot ; it then becomes necessary to cliange 
the brass. A hard white metal or broii/e hearing cannot he expected 
to run well at tirsl, even if \ery carefully htted, for, as stated above, 
the correiT form of the surface can only he hrouglit about by wear, and 
whilst such wear is going oii at high speed tlu' Inait develo})ed may be 
very great. dV) enable a vehw h^, a bearing of which has become so hot 
as to damage the rubbing surfaces, to he run at once, a new brass may 
he put in wdth a lead surface about inch thick. This rapidly 
beds itself upon the journal in such a way as to form a good surface 

4 where ihc jour^id is smooth, and doe - not hind heavily where the 
journal is damaged, A lead snrfrme of this kind, 11. K. llaigh states, 
will run several hundred thousand mih*s without being w'orn off. 

^ >' M '^KfUra! llahi,.< of Lubriraiion . — The most prolific source of 
trouble exp 'rienced with machinery arises from the occasional failure 
of aHendaiT to give each hearing its [irojier supply of oil. No 
dofttd .in ,y suii blc oil, thc„prescnec of grit, or some sueli cause may 
easily result in overheaied hearings, but as a rule there must be a 
practically complete failure of the supply to give rise to a 
That this may hap[»en very easily will he rGCO^:].i;^ed when the 
n^’ uber of beariwgs to be oiled in some .rccliines i^' remembered; 
for a '-’higle oil-hole or oji]) niissijl duiing'a round of oihiig will often 
lead b. y^rave resulis. Each bearing itnd rubbing face of a 
locomotii'e, ior instance, n^u'jt be li:J)ricatcfi before starting, each 
bea^’ing reci ‘ /ni^a sufficient^sujiply to last for al mt 150 mih:^ In 
D'i*p case lorgetfulncss, or the uonftidopfoii*of a gcod system oftoiling 
by thcjf driver, may dejay^m ex])r**ss train for b'Hirs. ^ 

To minimize the trouble arising from such causes, the engine attend- 
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ant ftbould systematically exan*iiie aijd occasionally feel the iaetal of 
all bearings, wo as to detect any cast' of overheating in its early stages, 
and, when oilm^ ni*ichine, should proceed in the sa^ie niAnner on 
every occasion, always taking the l)earings in t])e same oi|ler, as 
to reduce the risk of mftsing any. Even in the case of the ^.wing 
machine or cy(ilc, this should be carried out. With such machines 
there is a descriptive pamnldet often given, sliowing each oil-hole 
nutn\)ered. liy lollowing ILe instructions and giving iach hole, etc., 
oil in the order stated, it will be almost impossible for any important 
bearing to seize. In the case of a locomoti^'c, tlie driver should 
commeneJat the leading end, saA on the right-hand side, and then 
systematically^oil each bearijig as he moves toi.ards the end of the 
tender and hack along the left s'def of the engine lo fhe frl»nt again. 

By adojiting soim* such metliodical plan, tin' risk of missing any 
bearing and thereby causing a failure is )‘cd'icod to the smi^iek 
y)Ossible proportion. The same plan should be followed in yuitting 
the trimmings into the od-holes of sipiion luhricjitors before starting 
from a station. ^ 

Kxaminationa of Bmriv(/.l - Assuming that all t^lie l>earings and 
lubricated surfae^es are in good condition after a motor, machine tool, 
or mechanism for the transmission of ] tower iias been set to work, 
it by no means follows that they will continue to remain so for more 
than^S^w months without lioing properly cleaned and small defects 
made good. Careful periodical examinations must therefore be made 
of each bearing, for ib^rctpiently hapyiens that valves wear out with 
unexjiected rapidity, oil-ways become choked with metal or dirt, 
brasses fracture along the crowm, w'hh^*-metul yiartially runs out of 
the recesses prepared for it, liibneatiiig pads become glazed, .ind a 
hundred other defects reveal themselves. In the case of a locomotive 
or a motor driving an electric-light station, any such failure will, if 
not discovered and remedied in time, lead to a break-down, and either* 
delay a train or temporarily extuignish the lights. 

Although it is advisable to examine bearings at stated intervals, 
yet, unless they have been getting warm or I*iioekiug, or there 
some defect or llaw' which nMjuires alteiilion, the pa;:ts taken to 
pieces should he rejiiaced exactly as they w'cre when removed. It is 
a great mistake to always relit or reli,°d the lirasses, d? h it ksMm- 
possiMe to give the surfaces the form which gives the least frictional 
Resistance. AVear alone can do this. Examinations should, there- 
fore, be confmed^bi setting that all the parts are somid, ‘tinkering’ 
with the rubbing surf act s#beii)g avoided ns much asbpossible. Indeed, 
a w^ll-designed and yiropevly cared-for engine should run for yeijirs 
without the use of either a tile or a chisel, provided it be Jtept clean 
and the lubricating appliance, 9 be always in good working (/f,dc>. 

Ii^lusty or dirty situations, where' the oil hjvs a ‘tendency to 
thic^n, or in cases where tlye ivetr of the bearing or shkft is CQn- 
sidevible, deposits are. apt to form in the oil- ways aiid prevent the 
proper flow of the lubricant. To prevent such deposits from collect- i 
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ing to a eerioutj :ixtLnt, pcdest'’,! cap^, etc., slioiilfi be asionally 
removed and clea -ed. 

When p.td-lebri cation is resorted to, it is necessa.y to remove the 
padf eveic:/ fe^v ^v ticks and clean thj surface which comes in contact 
wilii th^ moving surface, for the wool often becomes glazed by the 
metallic surface against which it rubs. The pad must, therefore, be 
scraped -Clean and well oiled each time it is removed, i.e. about once 
a week. LTnle^s this he done regularly and often, the bearing will 
not keep cool and wear well. 

Trimmings also re(juire freijucnt examination and renewal. In 
warm places fatty oils gum and clog the pores, as does d'rt m dusty 
places. Want of ]>roper attention to trimmings is u iruitful source 
of heated •SDoarings, for the volume of oil supplied by them varies 
With the number of strands or with the Jit of the woollen plug in the 
oil-h( 4 je. Any change either in the fluidity of the oil or in the 
cleanliness of tiic [)ores also alters the rate of su})ply to the bearing. 

Where the lubricant is supplied by oil-cups fitted with small valves 
at the bottom in such a way that the ratf jf feed may be judged by 
the rate at whic'^the oil hills from a unall nozzle, the passagcjs arc 
apt to bocoiiu; budtlenly clogged by mucilage or dirt stirred up from 
the bottom of the reservoir. They sliould, therefore, he regularly 
exaujiiied and cleaned out. The oil should also bo removed neriodi- 
cally from all reservoir bearings, filtered, and, if not too acid, used 
over again. 

Examination Book . — To ensure the examinations being really made 
at the required intervals by those whose duty it is to attend to such 
matters, an examiiiatiou book sliould be kiqit in which is clearly 
stated the nature of all periodical examinations, a column being 
provided for the engineman or fitter to sign after having made each 
inspection. 

4 The necessity \^r adojiting this course 's the greater the larger the 
station or mill, and the more numft'oiis the machines of various kinds 
it contains. 8uch innehines, motors, or lines of sliafting must be 
jer eci .ivf'ly number, il, so that they may be easily identified and 
the entries rtAuTing fo repairs or examinations jiroperly kept uj). 

If p”ch a book be not kept, the engineer in charge cannot expect 
erch^iOLvu, .a' 1 > be propefy and regularly attended to, for some 
portions of the machinery will receive undue attention, whilst others 
will be neglected, and all sorts of difficulties will arise which a better 
organized systeirt would prevent. 

'^‘ierration of ^larinnerij not in lleyinar Uno.— \i frequently 
happen"' 'hat an engine pjiint for Jhe B"pply of power ;.x’>put down in 
duplicate atvi parts may have to stand idle foi^ jecks or even months. 
Whenever 4 ) 0 S 8 ibie such engines, etc., should be worked alterna4dy„ 
so tha^ all the .mrj'^es’may bejiept clean, sinooth, .md in good ^n- 
uitien Wh(*ij such motors as marine eng. nos have to stand idkViii 
dock, it Ri well to get uj^st^m occasionally andvun the cngiie for a 
few hours. Should this be iniuossible, the enciue must be ‘ niuclied ’ 
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ror.irj oiicOftMch day to keep tiio cyVnder f{ic(3H/iii ^^ood order. Discs 
titt('d with tUi3th aiv often keyed on to the,sh tft for this purpose. 

rroirrijon <f‘ '^^oN.'ihcd Sur/nrri^. In eases wlierui an engine or 
machine is to lie idle fur any lengtli of time a better plai^ is iutake 
llt(‘ iia.rft< In pirrra^ clean (if/ the mlihing sui’laces, and cove" them 
with a pioteijtive paint. The saiuc' treatment should be accorded 
to acciiraU'ly machined faces vvliich are to be use(t for rubbing, and, 
indeed, all light work wbieli is to lie ki'pt ready tor' use, as soon as 
it is finished. I’nless this plan be adojited, the bearing surfaces 
vill beco^oe pitted and rusted to such a,n ('.vteni that the machine 
will cost nu'ie to ri'pair titan it is worth. 

The most (Vomnmnly used mixtere for this jm -pose is one consist- 
ing of white h'ad aiul tallow'. It torms a good covt'r whon ]>ut. on 
warm, ainl it does not corujde the metals as the acid constituents of 
the tallow, if there he any, aie c<iii\erted into lead soajis.# The 
wliite-lead in (his mixture t>iuys the part of tlu' lime or soda in the 
numerous axle or other greasi's Neutral jietrolemn jelly is also 
very elh'ctive in pn'sorvi' bright steel from rust., if the surfaces To 
which it is applii'd are pcihctV dry. 

Wlieii the macliinery is for exjKut pnrpo.-es, and may he exposed 
to rain or moist air, the surfaces must lu' covered with black enamel 
or .^parij wiiich eftectually protects them from rust, even if they 
should be immerseil in water f(»r ma,ny hours. 

fif /ifrin-af/.s'. - AVe have already mentioned a numb(‘r 
of causes which may load to ovcrlu'atiiig, which should have been 
provided against either whilst the machine was being erected or 
during the preliminary or trial It soim'i-inu’s ha[>]»ciis, how- 

ever, that a hearing may nm short of oil for a huv minutes, \)r that 
grit may get between the surfaeos and cause tiouhle. When this 
occurs to a mariiio engine lieariiig and the damage likedy to be done 
to the engine is less serious than that which would result from t!ii^ 
stoppage of the vessel, it is the Custom to turn a stream of water, 
if [lossihle soapy water, upon the heated parts and keep going. In 
many eases plumbago throw'll u\er th(' heated’ surface, or run on f',> 
it mixed w'ith oil, will prevent serious injury Much Abe same may 
be said of a locomotive hearii'g as regards the ad\isab'bty of 
8^ jpping, but here nothing must be’^ilone whicJi wil' endanger the 
safety of the train. Electric-light engiiK'S, where they arc in dupli- 
cate, and mosi oilier motors, macliine tools, iTc., can he stopped for 
examination av (/ru'i. Dnless this he <loiie proiiiptly, the injury 
sustained muy necessitate a new step or journal. i 

Til all caf^s of sudden he^lfiig' it is wi'Le to at once use a *good 
fatty oil, as this kind V>f oil does not to the same extent as mineral 
oi\ lose viscosity with rise temjieraUire, nnd the. hx^d bi’ls are more 
‘o'fjijn’ A can nvpc or olive oil may he ki pt handy for^ such 
ei^fergencies. 

To run withont’attention a bearhig which becomes hwated day 
af'be*- day is a great mistake, as there must be something radically c 
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ivroug t? cause such luatiiifi;. T^ic sb'ti’t or jouniul niay^-'o ova’, one 
)r other of the surfaces (hima^ed, ejroovod, o’’ jla>\jd. tfio oil-ways 
blocked lij), th) footstef) distorted oy ovcrhcaLiii^, ' lubricator 
kVorliuig i iproporly, the shaft spruiit^ out line, etc. It iniejld 
iot%p23c^r at l.rst sight that a mere (U'aclt in the crown of a. brass, 
3spccially ns it scarcely aflects the area of contact, would cause 
trouble. Rut it must be remembered Ibat such a crack allows the 
hi to escape, aftd largely reduces the carrymg power of the oil-film. 

U W. Naylor’ mentions a case where two b-inch diameter shafts, 
carried in plain bahbitetl cast-iron bearing boxes s]>lit on a l|orizonUl 
[>lane, each slaift tr.tnsmitting power by belting from a ,heain engine 
:.o five electric generators, persistently ran hot when luoricated with 
hi or gretfte. As the pull of ail the six belts on eacli shaft was 
horizontal, the oil w'as ju'obably forced out through the sjilit in the 
llow'cver, it was (‘ventually found possilih* to luhncate these 
bearings with wnb'r, a small stream being allowed to trickle through 
die bearings whilst running, and oil being fed into the bi'ai'ings only 
luring live minutes before closing down, i^C^^nder to prevent rusting, 
riie wear on the Vabbit and boxes dn»*lng eleven years, whilst Inhri- 
sated with water in this manner, was found to be onh {-inch, and 
;)n the shaft nil. The temperaiare of the engine-room was about 
100" F., the water varying in temperature from 15” in winter to ,05'’ 
in summer. The shafting ran (|uite cool. 

The real condition of a bearing which babitnally heats can only be 
iscortained by taking the parts to piect's, and when this has lieen 
done there is no excuse for not making every defect good. 

Hearings which fit too closely* are very apt to run hob ; on tlic 
other hand, those which are too loose make a great noise, and the 
repeated blows not only tend to produce and (levolop flaws in the 
moving parts, but also to damage the surfaces. What should be 
Signed at is a freeTiearing in whicli there is room for the oil-lilm to 
form. • 

Friction and serious heating may be prodnc.ed by using a lubricant 
. >') Vmv or too iiigh in viscosity. When the viscosity is too 
low, the Oil ’pressui 3-fiim, which keeps the hearings of rapidly 
movin'’-,^' chiller from touching, docs not form jiroperly, and solid 
FrctlTJri rese^h. « ii the othei hand, wdien the viscosity is too great, 
the frictional resistance of the him may be so large that the b' nring 
becomes warm or even hot. That it is host to use an oil having as 
small a viscosity* as possible lias been demoiiskatei’ o' -‘r and over 
igaj^ especially wht^n, as in the case of texjTJe or printing machinery 
a-nd.ly; mos, the beariif^s run igi "In, !i speeds and the loads per 
square inch ?re small. The heat liberated, aiiTlJih ere fore the friction 
encoiinteroii, is^^ I’onortional togthe iiiteriiil fi-ictiou of the lubri(.?wi4-t!^ 
and \^!.en it is ien^(»nbercd that at high speeejs the-'c is a contimSus 
him of oil separating the surfaces, and that the friction in jouriLis 
and spindles is proportkinaj > > the viscosity of the oil, it .s cEor 

1 Ti'nns Antrv V/i/- Aftrli vwii 
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Ui.'it is as likely to oe du^ to the \iaiit of fluidity of the 

lubricant as ^o actual metallic contact act'on The best results are 
consequently chifainul hy usinjjj lubricants of tlie lo est permissible, 
viscosity. Yet, fre(|ueptly, the engineer in charge assunus thut’ the 
heating resulis from the rubbing of the surfaces against eaclr other, 
and is sur])rised to iind that wlien he uses a thicker oil his bearings 
become still hotter. 

jMjuii engine bearings, the steps of which are sejiarntod Into several 
portions, are very a[)i In lain warm. This arises from the fact that to 
obtain gf^od lubrication eacli of the brasses should able to assume 
the relati\e oositious, with regard to the journal, shown in fig. 102, 

]). 401. ^ 

AVhon theri' is only one bearing stej), the siiaft or JVmrual can 
}>lace itsi'lf in the portion necessary to give it carrying power, but, 
on till' other hand, when there are two or three se[)arate trasses, 
they must liave freedom to move' into sucli })ositions that there shall 
lie a wider gap on the ‘in’ than on the ‘olfside. The degree of 
freedom required is small. The best way to secure it w^ll 
depeiul in each case upon ti'c adjusting arrangenu'nts. 

It sometimes hap]»ensthat a loeomolive axle-box bearing, fed with oil 
through a hole and groove in the top of the brass, will run hot, and 
eoii^i.u/^'? to do so, although every care has been lala'U to secure wcll- 
fittiiig faces. Now it has hoeu rcjicatcdly shown, especially with 
mineral oil, ami, iep markedly, with fatty oils, that when the oil is 
siqijdii'd in this way it is miahle to jiroiicrly wet the journal, being 
scrafied ofl‘ hy the closely-litting edges of the groove. Indeed, the 
liettcr the tit of the bras-s and journal the more the oil is confined . 
and jirevcnU'd from getting to the proper place, viz., the ‘on side of 
the brass. As a rule, tlio sale play of the brass enal)l(‘s it to mount 
oil tlie curves at the ends of the journal, and ii: this manner Mie oil 
is liberated and runs over the journal. A cou])Ie ot small grooves 
from the oil-way to the ends of the brass will answer the same 
jmrpose and prevent overheating. provido<l the lead he not too great 
(see also p. 40U). 

A sifihon may cease to feed long heloie the oil rose' mr is empty, 
and may thus mislead. The height to which the 1ubricae‘‘ can be 
(^'\iwn from a reservoir hy a tiimm inf,- depends ii^ouf'ivi finetli^ss of 
the material of whicb it is made. Tims cotton wick will raise the 
liquid much higher than worsted. The latter material only lifts 
lubricating oil, about l,j inches. Lubricator retervoirs are often 
made much deeper than this, and if not regulatly cleaned out,, they 
gradually lucome }>artially ldlt;d, with ^'sticky, dirty mass. . The 
better plan is to maV'e them shallow and <-0 ciean them out often. 

hearing which habitu^.ly runs ? warm cannot bp cciJsidered as 
w^Oiking projicily^ evei^ if it never actually heatsr»p badly as to, neces- 
sitate a stoppage, for the Coeflicient of friction must he fiigh and the • 
waste of power considerable. Such a bearing has eitbfr got too' 
mufh weight upon it, is not in line with other bearings on the saihe*^ 
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ihafb, o^ts surfaces ai'-e grooved and the oil-filin eannot foi'n. Wiien 
this is the case, the shaft or jiuiinai, and also tl.(' brass, i^ust bo filed 
Dr machircd to,,truo faces. It <»cca. ioually hap^'i's- rjiat on taking 
the j'edcslM cap a' brass from a bearing winch has begun to get liot, , 
th^haft or journ. 1 will be found t j be ba(lly*Haw<'(l. 

Mecfton of Lubricants. — Altliough it is clear that for each kind 
Df baring, spe(!(?, and load, only a conipa.ratively few varieties of 
tubncanTis but ^f the great munber placed by niainifactiirers on tlic 
market will be found to give equally good i-esults, in practice the 
iisadvantagcs resulting^froni having a largo nuniher of oils, etc., jii 
use at the same tiire is so great that praetical men, as ;■ nile, prefer 
bouse a few lubricants only, selecti'd so that tlie\ d/ill answer as 
nearly as ^Dossible for all purposes. This limitation may, however, 

carried to extreme lengths, and great(‘r waste of power and damage 
to wearing surfaces caused than the (amvenionci; warrants 

lint the advantages to be gained by carefully sidecting liiliricants 
iCCiH'ding to the kind of bearing to be lubricahid an; cleai'ly becoming 
more and more mark(*d as time goes by,, foi* the speeds at which 
machines run are becoming greater anA^'j^’cater each year, as are 
also the loads placed on many of the hearings The coiiflilions under 
which lubrication has to he eflect-'d are, therefore, rapidly becoming 
more diverse, and the time when the engineer coni ' aH‘o''d to use 
almost any biliricant placed on the market has jiassed away. ' 

The scientilic selection of lubricants can only be accomplished by 
ascertaining cxperimenlally the extent to which diil’erent oils, etc., 
reduce w'ear and friction, for economy in the cost of oil is often only 
effected by greatly increased ^xpunse in other directions. This, the 
most iidppovtant aspect of the problem of lulirication, will lie dealt 
with presently. 

Cost and Efficiency of Lubricants. — Altliough in the selection of 
l^bi’icaiiijS the prifti is an important fact(‘»’, tiiere is no real economy 
in using cheap imt unsuitable oils* This will readily lx* seen when 
the actual expense incurred in their purchase is oonqiared with that 
spent CM fuel and on iqiairs. hideed, it has been maint.iined with 
some show (d reason tiiat the consumer can frequently Ixdter afford 
to use the highest priced and best article tluin a Iowit priced and 
infem,r oir. spupl ' hI free of charge. This is ci'rtainly tlie case with 
small mechanisms, such as sewing-machines, clocks, and the like. 

Nob only may the loss Py friction be hirgely increasixl by u og an . 
unnecessarily thick lubricant, or the bearings beyaiie ylo rged by using 
a gumming oil, fnit ^lie wear and tear of the ifarhices may become very 
greft and the life of the piirtshe mui^i diorlJencd by using a lubriciint 
deficient hi ollmem. \ i3,Hherefoi%, imp'-rativi that the chemical and 
raechanica^as well as the commercial, a.^)ect o^ the qnestiun should 
recei>e careful* ^otiTtitioA, for iflany so-called sperm/ nih, for wlil^Ta*** 
high*price lo denTsfnded, are rdliliy«oiiiprse(> of very chea]) ingifcdi- 
ents. Tl^e experimentally ascertained quality aiijl not the ])ricc afcne 
Imust therefore be the guidiftg principle in the selection of lubricants. 
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By means (jf the pliysical Ic^'ts enumerated ^pid tlescribed Sn detail 
in pi'evioa4 cliapters, the viscosity, gummin<ij properties, acidity, 
flash-point, etc.^^ of various luhrieants can he ascertained in the 
laboratory. L it were not for the fact that there is as yetf som^^, un- 
i.ertainty regarding the iiiethods of measuring the comparative ^iligicss 
of lubricants of ditterent viscosities, tlu're would be little dihiculty in 
deciding which of a number of lubricants was the best to use for any 
particular })urpose. Although mechanical testing iLachinesJdi properly 
us(*d, givcMiK some considerable information on this head, it is only by 
a knowledge of the extent to which each lubrjeant keeps the various 
bearings *^^iool, and reduces friction and wear, that tlu‘ engineer can 
judge ])ropcrlv wliether he is obtaining the l- st possible result. 

An ac(;urate estimate of the c(-m])<irative val le of dillVrent lubri- 
cants can only be made by carefully ascertaining tlu' frietional losses 
each lubricant entails and comparing these losses with the lotai work 
done by the ])rime movers. Knowing the (;ost of tin* fuel, etc., used, 
the engineer {;an tlum calculate bow much be is expending in unpro- 
ductive work with varyiiiYjCOuditions of lubrication. l>y occasionally 
weighing bis pedestal b;.‘- es, valves, etc., be can^also measure tfie 
rate of w'ear gming on in his .nif diinery. A knowledge of such points 
will enable him at once to see whether be is losing or gaining by the 
adoptiun of any jiarticular lubricant or lubricants, and also to note 
tbebfl(.^:^t produced by changes of temperature. Such knowledge is 
easily gained by tixing indicators on steam or otlu'i* motors when all 
or certain ])arts of #ne machinery are miming light, also when each 
machine has its full load, and again under normal conditions. In all 
cases when the power used is an important item, these observations 
should be made periodically, the results (altered up for future 
reference, and a balanee-shcet drawn nj) so as to enable the cost of 
power, and also of lo.st work, etc., to be com])ared with tlie expense 
incurred on luliricaiits. 

Various dynamometers have bejui devised for nuaisuring the power 
i-eqiiired to drive machinery. These instruments are introduced 
between the motive jiower and the machim, measure the power 
transmitted, eitlier by the compression a spring or l^^y means of a 
weighted lever. An apparatus of this kind, knevvn as the Emerson 
Cotton l\Iill ]‘ower 8cale, is illustntedjjn fig. 150, and. its appluifstion 
to spinning frame is shown in fig. 157. For these blocks we are 
indelited to the k’lorenee (V),, of Florence, Mass., who are this makers, 
and to whose ])ain])hlet we must refer our readers^ for further par- 
ticulars. The lolbjwjug results, which were ol^tained by applying 
oiiq of thes(' M*ales to a c"oru crpsher, were, kindly communicated to 
ushyJ. T. Imits:— , ‘ 


-^wej_i v- aUMiiil crudied. 
•: ' 

^Oats, 

Maize, . . „ 

Beaus, 


t,. Revs, pyr Lhs. gr(>iiii(! ^ iWse-power 


minute.’ ])ot mii^yte. reipiireil. 
•'161* 8'3* 0-874 

161 i4-8 e‘247 

161 ’ * 17-7 0-410 



HE •JOTrJGATlT)!** OT MAflllNElW. 

vvnci^hc tirushdr laoileraLoly .V 4 ‘l] liil»rirat(Ml, it 1 -quired only 
0-01 horse-powor to driv(* it. wlioli doing no work; whon’allowi-d to 
go witliovt, oil Jbr Kovoral days, 'lie power locveased to O'Or) 
lior.s^^po\\?y ; w’oUion thoronglily well oiling it ilie j,»v>wcr reipiired 
felljto 0‘Ul‘r) lio >o-|)ower. It is evident tluft. an appliance of thijf 
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kiiKP may prove veT^ va]ual»le in a^ large *11011 in determining t}ie 
relative frictioii-rediK ing jl^iwcrs oi*vai if>us lulyieants. ^ 

PrictiulifJ ^iOSSes . — Mafjnihi 'e of Losm. — l^ie losses which ar ise 
from Mie f^cti .i of4lie mecnaiiKim, as coiSpared with the total ene^J^^ 
actuary exv'-ndeo*fli nselul \v(ft-k, in rnimy cifses undulj^ laFi;e. 
As a':i extreme case, a elo'.k or watch may he instanced. Tf4e, 
practically the wlnde of*th^ jlfever is expended in overcoming the 
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friction of the hearings, and tho efficiency is zerp. ‘Should tlw friction 
^ of thl pinions increase or diminish *froiii any cause, then that of the 
8peed-regulaiiiig^ai>nliance likewise diminishes or inc^reaset^ the total 
friction romain'ing constant. t ' 

In a cotton mill, wColleii factory, or printing works, the frictional 
losses are very large compared with the power actually cfevcloped. 
Here we have to deal with losses in the motor,* the transm.ission 
machinery, and also in the actual machine tool, th ^ powiA" expended 
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in placing the threa^ls in "posifion, or ^)ropelliiig the paper,* ink, 
rollers, e^c., being atnall. In electric-light and hydraifchc stations, 
ciliciency of the installation is« greater, fiw: the iJfttal power 
d^vered in the ff>rm of current or Volume of \fj^rter raised, is* large 
iHTjomparisoii with that developed by the motors. ^ 

Ordinary atmospheric changes of temperature have at times been ^ 
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^ynown Hialter tlie friotioi| of the maclyncry of a large run as m«ich 
as 15 Of 20 per cent, [n other m^itanccH, a rednotion yf 50 per*cent. 
in the toOO resistance, anci, tlierefo'c, of the f used, has been 

effected Hf usin/ a more suitable oil. ^Vhen it is rcaiombered that 
tliit^meauh.tliat die frictional loss sonietinies mnounts to considerably^ 
more th?»n half toe power developed by the motor, the importance of 
usinga suitable Ivibricant will be fully appreciated, 

As^iit ^»lscosity decreases, sometimes rajudly, with rise of tempera- 
ture, a liibriea*nt which may be suitable for one season or country 
may not suit an ther. Tlie elfects brought about in this way may 
be seen by comparing, flic coal burned from week to week during tITe 
year with tlie changes tlie mean temperature has omlergone daring 
the same i^iteivals. In railway w*) A tliis is particularly noticeable, 
+he coal consiim])tion, jiartl}^ on this account, heing much greater 
durinjj winter months tlian in the summer. 

Ka^u after a mill has stood for a day, the bearings will have cooled 
down so much t! at considerably mure power will be reipiirod to work 
it during tlie first few hours than du*‘ing the rest of the run, provid- 
ing the tempeiutnrc of the air docs nol 1*51 much in the interval. 
This must he hjfaie in mind wheiiji^or the purjiose of ascertaining 
the efiiciency of any particular luliricant, the indicated horse-power 
required to drive a mill is measured. 

The Effirienrt/ of Meclmniani. — In a machine slioj) or facto:#y where 
power is used for ciirrying on a.ny process, we generally have a 
prime moerr which renders available the energy derivi'd from some 
natural source, and trammmi(m marhinerff for conveying the jiower 
so obtained to any point for thg actuation of maehinmj or 

m(rhive i.ooh. The mechani(?lil efficiency of tlie motor or of any link 
in the mocliauism involved in the transmission of power is obtained 
by ilividing the useful work pi'rfonned by the gross cniMgy expended. 
Thus, u the case*)f a steam engine, if the indicated horse-power he 
ft)0, and the work actually delivered on the belt he S5, the elficicncy . 
would be 0'85. 

In some cases tlie^losses arising from tlie friction of shafting, 
etc., are .'o great that it is more economical to transmit the power 
electrically fikJhi the prime mover to the machine, wliich is then 
fitted w-T'i a sn M electro-motjir. 

Klsidric.ift Ihurer. — The use of electrical methods 

for the tiaiismission of ciieigy is now engaging the serious . Ueiition 
of tneelianical cngineei’s, for it enables the frictional losses of hearings 
to he, to a larj^ extent, avoided. The r^sisfftnccO./ the electrical 
conductors, however', also I'esults in eonsiikrable loss of energy, ^nnd 
their capital cost bemg afeo largcf c!u f rical ijiethods of transmission 
are noi always tin most economical; hut wkere ]>ower has to be 
tran:mitAd t* a n’Muto of skittered pdlnts, it is often best to 
weli*design-<i cei*§’al generating st^,tion, ami to kansmit the eiJVgy 
elec rically to the several shops or yards.' ^ ^ 

Economical Lulricaifon* h'efore one can cstaTdish the Let that a 
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particular oil is more economiQ:\l in use tha^i aiiotlfor, a balaKcc-shcet 
mir^t jc dra^vn up showing the total •'expenses chargeable to each of 
the following items : — 

^ 1. Cost of jAver developed. 

2. Cost of proportion of powTr lost in friction. 

Expenses resulting from wear and tear. 

4. Cost of liibricjints. 

When till' lubricants are very unsuita))]e, tlu' bearings fci.j/ioi’»erly 
designed, or there is careless management, other losses may be 
incurred wdiich will not fall under either of the above heads. They 
include broken sliafts, heated hearings, rajiid wi'ar, idc. it is such 
signs that often tirst direct attention to i! fact that the lubricants 
in use are unsuitable. Even wiuMiisuch accidents aie c-on^iaratively 
rare, the loss hy friction ma\ he much greater than it ought to be, 
and the fact that comparatively little diniculty is cvpericnci'd in 
keeping the- hearings from a(;tually getting hot should iioSi be 
regarded as showing that good results are bcmig oiitained as regards 
economy of power. 

ImJii'atiiKi of When oiicc tlie necessary gear has l)(?en 

fitted for inrlicating an < /Kfin^N tiie (lilli<‘ulty of “ascertaining the 
horse-power at any given moment is \ery small. Apart from the 
question of friction, a large motor should have indicator diagrams 
taken p«ii'iodicaUy for the purpo^e of asecrtaiiiiiig whether the valves 
arc properly set and the distribution of steam satisfactory. For the 
best method of pr^edure, a w^ork on the indicator should bo con- 
sulted. W(‘ may here point out, however, tliat lluctualions m speed 
and pow’er are produced hy the af^iou of the governors, etc, from 
minute to minute, and that accurate tijlircs (*au only ho olitaijiod hy 
making a sonos of ohsorvations oxti'iiding over a reasonalile interval 
of time, the mean of the ivsults obtained fiom each set of indicator 
cards being made use of. 

Kstimafion of fW of Fridiona^Jji'<^eA.--\)i in many cases almost 
the W'liole of the losses are <luf to the friction of lubricated bearings, 
the losses due to each portion of the nu ehanis.ii slioiild, as far as 
possible, be ascertained separately. This may be done hy olitaining 
the indicated horse-power under the following conditiojls 

(a) Motor running light. 

{!>) With the transmission machim'ry in moti(<n. ' 

yc) With all the machines, or certain types of machines, ruiiiiiiig 
light. 

{(1) With ab hr luachines, or certain types of machines, having 
their full working load on. 

As the viscosity of luhriccftits .aries wvtli^the temperature, *the 
tests to ascertain the '^miparativc ]uhricatii.g values of t\yo Qils, etc., 
he made under simiur atmospheric eond' lions, add it 4 S of 
eqiifl, if not of greate^^ imporl^nce* to give the ••hearings time to* 
ass^^me a steady temperature by indicating the motor at the eiM of 
a few hours’ run. 
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To ?%tain the Uctual ^ost per lioi^ per horse power fh'velopeiii in 
ordinary nmiiing, the^alculatioo sbou'd include tljo follo^fin^ it»ins: — 

1. liitcrest^pii cost of land, |)lant and biiildd^s.^ 

2. ^ Dc^V’ceiativ n (maintenance aiui renewal). 

3. TaxHs, insir uice, etc. 

?. W*e;es aiid .salaries. 

5. Cost of fne^, oil, waste, etc. 

lfKr.s).havea number of ohar<;v;s which increase or decrease the 
cost of power according a-, the mean output decreases or increases. 

It miiy be argued that th(‘ saving ellected by improving the lubrica- 
tion, inasmuch as It d.%s not decrease some (d thesi' items, Should * 1)0 
calculate<l u}K)n ilic saving m it(‘m 5 only. Jlo\ve;^er, when the 
saving inj)o\\ei«is large, it may af<i‘<*t dcpre<-iation uiul wages as well, 
'’dds IS a })oiiit the considciation of which must be lelt to the judg- 
ment^ of th(‘ engineer in charge. 

Itfhas het'u shown thiit the friction of a stt'am engine or gas- 
eiigine is iiiiairccted by the load }uit upon it. Thus if, when nmuiug 
light, the indicated horse-power is then, when the brahi' horse- 
power is 50, the indicated horse-powi r Sv'i f^be 57. From this it is 
clear that the Iri^tional resistance, m^'a'>ured when there is no load on 
the engine, gives the frictional resistanei* under all conditions. The 
same will a})[>ly to line shafting and to many machines and machine 
tools. We may, tlu'refore, ('stimaie very closely the frictioneislueing 
properties of any ])a.rticiilar luhrieant hy running the machinery oiled 
with it light, rather than fully loaded ; earc must, liowevi'r, be taken 
always to have the same number of macbiiies at work when making 
a test. . 

Whyn the horsepower di'toloped by the motor is hirge, and the 
machines numerous, the elfect of cliangmg an oil can only be 
ascertained by using it on a large mimber of lu'arings or machines, so 
as t (/ 1 aki' the l(«s or gain of power considerable in ]>ro])ortion to 
fce total elfect. • 

By multiplying the gain or loss of jtowev by the cost jx'r horse- 
power and then ])y hours worked ])cr diem, the daily saving or 
loss IS o!>taiiie<l, and by comparing this with the oil account the 
real commercial value of the luhrieant is ascertained. The point has 
betii,, c*eaT^ with at somclenirt^ hy B. 11. Thurston,' 

Since thC^ inciease in friction of a hearing results in a rise of the 
temperature of the iiedt stab a rough idea of the eomparati''e value ^ 
of two lubricants may be obtained by measuring their temperature 
effects. This most satisfactorily effeckvl ^by ',h>iounding two 
beJtrings on a shafri»y roomy boxes^to project them trom draugjiits, 
and*pli’cing tliernU' nejjtilN in .ootflac , with tjie ])cdts»*Ll caps. The 
same on stiould 51.^1 lie tried on liolli bearings, and the of 
temporatffre > . eacT n#ted, fcA- witii tlif same oil different beaiws*^ 
wilRlniost ^'lwa}»^o found to ^vc s^nncwhac^liffcitint heating resSuts. 
When tljy difference of temperature wiiieli resulbi from the accide^tai 
* Ffictif^, nn'^> Lost Work, p. 343. 
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ditlwciice of load or condition eacli beari’^g has 'been ascr. Gained, 
the oil' used tor one of them may be ebanged and a comparative test 
again made. This should be done several tinies, for the result ^depends 
in some nicasure upon the rate of feed. 

is, however, much 'biorc satisfactory to make such cii-tests in 
})roper oil-testing machines, hn- the load, speed, and the rate of and 
metliod of feed can then be properly controlled. 

Estimation of Losses due to Wear.— These can only be uCGined 
in a direct way by comparing the expense incurred in repairs, 
renewals, y-iid breakdowns wliicb have occurred during fairly long 
intervals of time. However, it is sometimes necessary to obtain the 
ctleets produced during short intervals by (iinercnt lubricants, in 
which case the best plan is to weigh certain brasses o. other rublhig 
parts, such as juston rings, at stated intervals on an accurate balance. 
In this way any rapid increase or decrease in the rate of wear ca.n be 
noted, and this, taken in conneetiun with the pecuniary gain or'^ioss 
resulting from a. variation in (he total frictional losses, will enable 
tlie engiiK'er to form a fairly accurate estimate of the value, from .‘v 
practi(;al point of view, of’-ir ^ particular lubricant. 

In all cases wliere frictional i('',sos form a large proj)ortion of the 
power developed, it will lie found tliat the cost of the Inliricant, 
being only about d per cent, of the cost of fuel, is a comparatively 
insignilicilnt item compared with that of the power saved' or lost 
Indeed, it will fretpienily ])ay to use the best lubricant irrespective 
of its price. The bigifesi-j)riced lubricant offered, however, is often 
by no means the best, for very poor mixtures arc sometimes placed 
ii])on the mai'ket as first-class lubricants and sold at high prices. 

Oil cans, Feeders, etc.- Vessels for holding a supply of o.jl and 
eiialiliiig it to be supplied to the bearings with ease and ciu’lainty are 
made of various ])attcrns. In some (aises it is only necessary to supply 
a few' drops omie every few hours. For this purjios ■ small conic.d or 
lenticular cans,, having a long spent screwed on, are convenieiu'. 
Kither the bottom or sides are made elastic, and a little pressure 
exerted compresses them and expels a small qispitity of oil. In the 
larger f(j]-ms the oil is liberated by opening a small valve actuated by * 
a button, or the jiiston of a small cylinder is pressm in aiid any 
desired amount of oil delivered. 

It ”ometinies happens that the reservoirs of oil-bath Oe^trings have 
to be emptied and lilled again periodically. For tins purpo.se a form 
of syringi' is used which enables a definite (piantity to be withdrawn 
from tlie bottoni'^W thr reservoir and fresh oil substifuted. 
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— ell'ect of storage on, 213. 

— - gravimetric dc ^rmination of, 

218. 

methouSofe.\i)rpssing, 215, 216. 

— tureai I amount of, in fixed 

^ oils, JO ^i: 

nature and amount of, in 

mineral oils, 210. 

Acid value, meaning of, 215. 

Adams (and (Irawdison); sight -feed 
cylinder lubricator, 452. 

Adamson ''Daniell ; •brce^^umplubiicatiun, 

40-» <* • 

4v*.. - 

Adhesion , Teit on, 3. ' 

Agate for l/Aring . 398. ^ 4 , 

Air ar a lubrica 85. ^ 

Ai'dn^Kann ; doterm&ation of fkisning-^ 
poi|d, 189. 

' ' Ajax’ plastic bronze. 381. »82,* * 


Alcohols, M'dx, acetylation proeess ol 
examining, 213 21.5. 

- acetylation ])roeess. results ob’ 
*%iiieil by (htblf ), 21 1. 

- fi'oiix beeswax, jiiopoitics and 

ideiitilicalbrn ot, 231, 2.‘M, 24.5, 24G, 

Irom earnaulta wax, 231, 234, 

211,245 

— from sperm oil, -.10, 234, 241 

24.5. 

— irom wool fal, 231, 234, 244 

215. 

— iodine values of, 2.5i). 

' -- specific giavitii s ol, at C. 

18.5. 

Alen ; aracbidie aeid in rape oil, 110. 

‘ Alk.ali value,’ ’ne.ining of, 223. 
Allbright(and ( ’laik) ; e,lolli-oil tester, 28(1 
All n ; lard oil, projierlks of, :i23. 

‘saponification equivalent’ of oils 

223. 

— - speini oil, llfchiiig-pnint of, 32C. 
tallow ; water, blood, and insolubl 

matter in, 321. 

tallow oil, specific gravity of, 323. 

Almond oil, comparative oxidizability of 
267. 

Amagat (and .le^in) ; dillei't ntial refracb’ 
meter, 206. 

American n^Ineraj ni i (sec Mineral lahri 
'lUfj oils). 

» \nrioiitoiis ; friction lesearche^i, 6. 
.tualysis ^f greases, 328. 

of mix^ lubricating oils, 221, 328. 

‘ Ai^mal oil,’ acetyl value of, 

aoidjjree, in, 211, 32^ 

— - iodine value of, 255, 3*3. 

— M%umenc thermal valn^of, 26J 

saiionification , due of, 328. 


601 



AnimaJ oil,’ sotting-point of, 323. 

s})ocilio<^n-avity of, 323. 

[see also Tif/lmv nif). 
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‘ Ikgasses oil, 112, 113. 

l’)ailey's oil-tesling macliine {/n ndtilum), 
3(59 

r.all-beaiings, 86 88, 425, 42(5. 

I5ailantyne ; acid, free, in oils, 213 
— acidity of oils, ellect o( storage, pii, 
213! 

' lancidity ol oils, 213. 

I (see Tlmiit'ion). 

Ilaiicku ; investigation.-, of ant’ friction 
alloys, 390.' 

hwaudouin ; colour reaction for sesame 'oil, 
291. ^ 

I 1 lay m*.-. {see A '). 

j ‘ Bayonne engine oil, vi.seositv of, ltt7, 
169. 

Beal; lebTinii. ition of vol.i tile fatty adds, 
,240 ‘ ' 4i 

! Beam (sec L' ihnaiiv ). 

' Bearing metals, microstriicture of, 380, 


‘ animal oil,’ ])ro])erlU!s of, 32,5. j 

aracliis oil, determination of, in olive ' 

oil, 285, 2 ^ 0 . '' I 

blown oils, acetyl values of, | 

bromine tiicrnnil test, 258. , ! 

castor oil, solubility of, *u alcohol, I 


31.9. ' . , i 

lard oil, pro])ertics of, 323 ' i 

--- — NiU(’imcn<' thermal tevt, 26y. ^ i 

miuoi al oils, ash of, 304. | 

olf /e oil, cliaracters of, 211. j 

rape oil, arachidic acid in, 110, 287. | 


381, 383. 

Bearings, adjustability of, necessary to 
prevent heating, 415. 

-- axle-box, 415'. 

, — ball, admissible loads on, 425.'* 

— 'de.-igiiof, 88, 425, 426. 

' friction of, 86-84.^. 

' fri^tio.'-al lavJ^ of, '87. ^ 

lubricaJ'm of, 4, ''8- c 

[mrposes used for, 86, 4S5. 

brass, 381. ^ 

bronze, 378-384. 



Beariii^sj.lffonze, exp^r'iucmts \ v i)udlby, ' Be rings, iion-iiietallio luaterials for, 393. 
Clamer, and Job, * ])edestal, 411. • 

wilb side pads i'h 112. 


objections to zinc in, 3S1, 3sr) 

384. , 

ifli'tive weir of, 379, 3S0. 

sti ,.igth and etlioiency of, dc- 

• ]' .idont on goo" foundry practice, 
;kS2*:'.:' I. 

— ^'y American railways, 

used by*Frcncli railways, 382. 

used by Italian railways, 382. 

— used by Miu..md j^ailv.ay, 382. 

variiuis, com nos’ Lion of, 382 ' 

{hthi> ), 38 1. 

burnished surfo'cs tor, 109. 

bush, 4fb. 

— carrying jiower of, dejHUideut upon 

viscosity of lubricant, 404. 

c.^ie-iiaidened iron and steel, 377, , 

378. 

— - ('.astdron, 378 

- - cbaracteiisties <>1 good inet.d for, ‘’.SO, 

38 i. 

— - cliillod cast-iroii? 37 8. 

collar, lubiication of, 122 

— conditions detei mining area of a <d 

load-on, 40.5. 

determining form of, 40G, 107. 

corrosion of, liy free fatty acids, 213- 

21. n. 

cylindrical, ellects oi load and speed 

on weal of, 84 

— foims of, 419 421. , 

— design and lubrication of, 37 1*457. 
enclosed, 409 

— - e.vposed, bard materials required foi, 

410. 

fit (d 408. 

■At - flexibility of, 409. 

forms and lunctioiis of, 373. 

grinding of hard, 378. 

. - gU' raefal, 379. 

baldness of, surface, and its detcr- 

iuination,'375- 37 7. 

c.auses -nd ircatment of, 13, 

382 iOl, 415, 487. 490 

492. 

— high-speed, 415. 

importance of using suitabl<; mate- 
rials for, 37i. 

— j j''welled, for wabtics, 411. 

V'ad-bronze, 37'*. • 

loadfe idn^jssilde on 104 "108. • 

oil locomotive, 416, I 

1 icomotive,# ' 1 5, 4 1 »j, ^ ^ ^ 

I' >se fit of, aeco^iry, 408. ^ 

-- -'inbricaU '.1 of (geiieial treatiuentjp 
39^403. 

rnatenals used for, 373i • 


— - phosplio' inon, 379, 383. 

])ivoi, 'iitl. ' 

plam^HUila^e, 42i 425. 
positions for oilways of, 3,<)8-40i. 

ju'otei tioii of, from dust and dirt, 

409, 410. 

idle, from coriONion, 490. 

]»iimp cii-culation for, 415, 437. 

- lailway vehicle. 41G, 417. 

vehicle, tre.ilmeiit of lieaied, 

187. * 

regular ex am mat i( ii of, 188. 

- — loscrvoir, adv ,.»t\ges of, 3‘9li. 

— for ling spindles, 418. 

- — witli disc oil-lilters, 413. 
wiih oil-lilting eliains, 412, 

413. 

-with oil strainers, 414 

- with ling oil-lifters, 41 f. 

lolli'f, eonditions necessary lor elli- 

tiesign of, 88, 427-429. 

I elleet of viscosity of lubricant 

' on. 88. 

— friction of, 429. 

loatls carried 1 y, '29, 

— low static fncfion ol, 88. 

rolling contact, 425 430. 

slide-block, 421, 422 

-spindle, 117. 

steel, lull'd, 377. 

I ijol't, unsuitability of, 377. 

— surface baldness of. and its deter 

mination, 375 377. 

— temperature ot, dejieiident upon 

method of lubric.ition, 403. 

-- variable load, 84, 119 

watch and clock, 111. 

wear of, abolished by perfect lubrica- 
tion. 398. 

white-metal, action of fatty acids on, 
387. 

— white metals for, 384 392. 

— woods fur, 393. 

workmanslii]), imjiortanco of good, 

409. 

Beech i ; test, for cottonseed u 288. 
Itcee.lmut ojj, fre^ point of, 199. 

f - ludine'valL. ■ of, 255. 

— •— iodine value of mixed f^itty acids 

from, 255 • 

• pelting- and solidifying-point 

# • of inixe.d [atty acids frm, 

oxida+ioii, increase ^ weight 

208. t 

- refractive index of, 201). 

— — K?l ractometer va 1 u e of,^07 . 



Beechnut oil, saiionification value of, i”22. 

^ speciti(^^^ravity of, 184. 

lieechwoou for Wrings, o93. 

Beeswax, hydrocai hons in, 245. 

determination f Hydrocarbons in, 

^ ^ ^ 248. 

-iodine value of, 255. 

melting-point of, 201. 

saponification value oi, 222. 

specific gravity u(, IHi. 

sp. gr. of unsaponilialile matter from, 

185. 

unsajionifjabic matter from, eliarac- 

* tcristi^of, 231, 234, 214. 

_ _ —-determination of. 22i. 

percent/i^b of, 233. 

Behrens; investigations of anliliicti >u 
alloys, 390. 

Beilis’ system of forced Iiilirication, 13«, ' 
439. 

Hen oil, composition of, 116. 

general charaeters of, 1 HI. 

iodine value of, 2’>.). 

luhricant for delicate n- lian- 

isms, lie, 471 

sajionification value of, 22‘\ 

soutce of, 116, 

- sjiecific gravity of, 1 84. 

tilUv test of ihixed fatty aeids 

from, 205. 

Bender ; asfilialt in minerd. lubricating 
oil, 300. ^ 

Ben^dikt ; ‘ acid value ’ of oils, 215. | 

(and Ulzer), acetyl values of oils 

{lahlc\ 248. 

determination of acetyl value, 

247. 

Bonsemann ; method of determining melt- 
ing-points of fats, 203. 

Benzoline, from petroleum najditha, 94. 
Berthelot ; cohesion of water mol('cult.s, 
33. 

Bevar. ; Hecchi’s reaction given by oxi- 
dized lard, 289. 

meltiug>j)oint of fat reduced by chill- 
ing, 200. 

Bishop ; melhod of dotormining oxidi/.ing 
I "operty of oils, 268. 

Bitumen destructively distilled viclds oil, 
94. 

Black (see AVna.s and /^‘2' i'V, 

Blackfish oil (see Dolphu) oil), f* 

Black Sfjt rape oil (se^ Ravmm oil^. ^ , 
Blake’s oil-testing iftachine {cunund 
369. f 

BieiMjing 07 lubricants, 464. * t 

Blocde^ factitious viscosity of mineral 
<Als, 126. ' ^ t 

Bloo^n ^ee Fluoirsrena’,), 

Bloomlefes oil, miuiufacture or, 98. 


[ \ 

B^own oiU , acetyl vAlucs of, 124, 248, 

’ 21-). , ‘ 

lubricants, 124, 476. 

cliaiMcteiisti'^s of, V22-I2i. 

■ — chemical changes* caused by 

blowing, 122 124. ^ 

detection and identify Jal^un of, 

3-26, 327. ' 

determination of, in mixcil oils, 

235, 236. 

- distinciioii ^)etween cotlonseed 

and rape, 123, 327. 

J igliuer values of, 239. 

iodine values of, 256, 

-■ ir inn fact lire of, 121, 12‘2. 

miscibilitv of, with mineral 

lubricating oils, 12’.^ 

Jb'ichcrt-Aleissl values of, 242. 

■ lelation b(‘tv\c(‘ii sp. iodine 

value and .saponification falue of, 
327. 

sa]ionification values of, 22*2. 

solubility of, in alcohol i^nd 

petroleum .spirit, 122 

specific gravity of, 123, 124, 

184. 

specific gravity of mixed fatty 

acids from, 185. 

Boebin ; railway tiain friclion, 9. 

‘ Body ’(.sec OiV/ae.s’s) ; also note at foot of 
p. 56. 

I Boiler fittings, lubiicants for, 480. 

: Boilers, exclusion ol lubricants from, 480, 

1 . 483. 

I Boiling-point of n.imual lubricafing oils, 

j 101 . 

Bone-fat, ash in, 304, 322. 

free fatty acid in, 322. 

— - iodine value ti7, 2.55 

^ — iodine value of mixed fatty ticids 
from, 255. 

lime in, 304. 

iTi('ltiijg-| Mnt of, 204. « 

melting- and solidifying-fioints of 

mixed fatty acnl's from, 205. 

sapouilica^^ion value of, -.22. ^ 

! - specific gravity o'l, i{(l. 

1 Bone oil, ab-sorjitioii of oxygen by, 272. ' 

; — — as lubricant for clocks and 

I watches, 322. 

coniparatitc oxidizability of, 

267. » ^ 

Boftleiiose oil (st*j o//). . , 

Box-fi?ood Vordioaringa, 3ftp, 

Boys' (Varnon) ; properties of soap films, 
L t 31. t ^ ^ 

[ Brazil-nut oil, ioU(ue value of, 255. 

— loiliiie value of imxed fatty acids 

j fi'om, 256. 

I sajfjonification value of, 222. 
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Brazil-iiuf ^l, s]»ecifi5 ^lavity t *, 181. 
Bromine tlieiiual test, 257- 

value, relation M', to Hnl»l 

iodin vaidi, 258 260. 

Broii:^** forfeit riiigh (s a Batrimis). 
Buckley’s rod bcMving, 422. 

Buisifle ; ]dO(‘ess for d derminiiij' hydro- 
carooiib in bec.swax, 243. 
l>urnijQ^:;,»|ojntofods, J87. 

Bur.styii ; eilecls of free acid in lubncants, 


‘Camelia’ metal, 382. • j 

Cameliiio oil, freezin^-poiMt of, 11'9 

iodine value ol, 2,55. ' 

ioiBiio V ilne ot nn\e<l latU j 

acids irom, 255 

. melting- and .solidifying-points 

mixed fatty acids Irom, 205. 

- lefraetonieter value ot, 207. 

sapoiiilicalioti v:ilue ol, 222. 

specitic gravity of, 184. 

Canew'ood for bearings, 393. 

Caoutchouc in minei fi^oils, 302. 

Capillarity, 42-44. 

Capillary force (see Sujx iju'utl tension''', 
31-47. 

— - tube, energy of How through, 25, 26. 

inlet end lesistanco ol, 27. 

rise of liquids in, 42. 

‘ Carboiil ’ for healings, 394. 

‘ Carbon ’ bronze, 382. 

Carnauba \va.\, acetyl value of, 250. 

iodine value of, 255. ^ • 

meltiiig-yioint ot, 204. 

saponilication value of, 222. 

specitic gravity of, 181. 

sTiecitic gravity ol mixed alcohols 

from, 185. * 

— ^ unsaponitiablc matter tron^ 

characteristics of, 231, 231, 241, 
245. 

— ans^lionifiable miitter from, 
percentage of, 233, 

Carpenter (Laiii) ;'railwa„ wagon grea.se, 
• '"8.' ^ • 
Caiv'greasc fro. : m petroleum, 

Case-liardcned irnii'fnid steel beanng 377, 
Cast-iron bearings, 378 
Castor oil, acetyl value of, 218, 250, 320. 

acid, free, fn, 212, 213. 

^ - idiaracleristidfe ol, general. 114. 

“ Id, eflbet of,%n, 11^. • 

composition of, ml. i 

c^. tants ( f genuine, 31 !.• 

e^repsfb of, frifm tlieisoed, 

- ^iuetbod« o!. 11# ^ • 

- freezing-point of, 199. 


- lEebuer 4falue of, 320. 

- iodine value of, 256. 


Cifitor oil, iodine value ot i<dxod fatty acids 
from, 2.' 5, • 

lubneant ‘or liulwa^s in India, 

106 . 

— Mann me \w.iue»)f, 2G3, 320. 

•.iicltiiig- and scdidifyiiig ,»omts 

of mixed I ttty acids fiom, 205. 

oxidizability of, comparative, 

267. 

— relining, metbuds ol, 11 1. 

ictractive index of, 206. 

refraclomcter value ot, 207. 

Ileicliert and 4veicliert#Mei. si 

' values of, 2-12, 3‘M( 

I saponitica^^V'*' value of, 222, 320. 

] solubility of, in alcohol, 319. 

; — solubility ol, in mineral oil, 111. 

— solubilitv of mineral oil in, 
111, 115. 

source of, 113. 

■ specilic gravity of, 181, 320. 

: — ti'sting of, systematic, 819- 320. 

— — . unaapointiable nialier, pcrcent- 

' * ago of, in, 233. 

I — viscosity of, 167, 169, 320, 

‘ Cuuricedale’ aiitifiiclion metal, 389. 
Cerasin, melting-point of, 204 

saponification value o^, 222, 

specific gravity of, 181. 

(leryl acetate, yield and saponification 

I value of, 241. 

! ( Vtyl acetate, yield and saponification 
j value of, 244. 

I alcohol in sjicrmacoti, 245. 

Chains of motors and cycles, lubrication of, 
478, 479. 

Chapman, automatic cyliiidei' lubricator 
for grajihite, 453, 

^'ind Knowles) gra])hitB and glycerine 

' lubricant for steam cylinders, 476. 

, Chamock ; admissible loads on bearings, 

I 407„ 

j oil losses due to friction, 49. 

I Charpy ; investigations ot antifriction 
1 alloys, 390. 

; Chilled cast-iron hearings, 378. 

I Chlorophyll in vegetable oils, 101. 

' Cholesterol acetate, yield and saponitica- 
tion value of, 244. 

chaiacteri sties of, 231. 

coloui feactiRis < 292, 293. 

dwinciion of, liom isocholesterol, 

t 234. * 

— distinction of, and sejiaration from 

*phyftsterol, 232. ^ # 

,• — ^iodine value of, 256. 

... — occ'.^^ieiic0»oi, ill wool fat, »ver oils, 
^ ^ etc., 224, 229, 231, 245. 

. Claguo ; meViTig - t>oint of caca§ butter 
moditied by heating, 200. 
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Clamor’' experiments on alloys for bear- ( 
injjs, 380.' 

Clay-slate for bearings, 393. 

( 'lay ton ; Iriction ‘jf ./vaiiway vehicles, - 

— 'iuilway wagon grease as lubricant. 

1‘29 

Clocks, lubrication of, 471 
Cloth-oil iestens, oMO, liSl. 

Coal-tar oil, speoilic giavily of, 18;> 

(’oconut oil, acetyl value ot, lino. • 

acid, free, proportion ot, in, ' 

<j 1 1 •*>. *" 

. characters, geneial, of, HO 

cxjtressi^f'i and extraction, ' 

mctbods of, HO ^ ^ I 

-- iodine value of, -*>5, 321. I 

iodine value of mixed fatty j 

iieids Ironi, 2r)!'>. 

-lubiicaut for light niacldnery. 

use as. 107. 

— melting-point ot, 20 1 

. -melting and solidilr 11 g yoints 

of mixed fatty aeids I loiu ^0... 

- Keicbert and Iteichcrt • Mf i,‘'sl 

values of, 212, 321. 

sapoiiilicatioii value of, 222, 321. 

. _ — sojwce of, 116. 

— - -- specilie giavity ol, 1S4. 

- -- testing ol, 321. 

Coeonnl, oleine (iieutial).^ lubricaiil, -1/5. 
Cod-liv<!r oil, acetyl value of, 250. 

rroezing-[ioint of, 199. 

imbue value of, 255. 


- — iodine value of, 2;)5. 

melting- and solidilying-poinis - 

of mixed tatty aeids from, 205. 
oxidizability of, comparative, - 

267. 

refi active index of, 206. 

refriictometer value of, 20*’. 

lleicbei t and Keicbert - Mcissl 

values of, 242. 

sapoiiilication value of, 222. 

specific giavity of, 184 

iiii.sa])onifuible mattiir, pen cut- j 

age of, in, 233. ^ ' 

Cob don and friction, 3 .5. 

.. — tigurcs, 47. | 

j)vessun3 and, 4. 

Taiton, 3. j.s , ! 

('■old test (see , 

Cokma^ ; siiontaneous eombustiun ol oily ; 

waste, 279.«^ ^ ' h 

viscometer, 147. ^ i 

.i’oleseed (rApe.seod), 107._ i 

Colla?:<beariiiga, lubrication of, 422 
Oolop%toy (lo^'iii), acstr>.ct,ivc,distilliitiat 

ill detection of, ii* otb 

grease, 295. 


Colophon^^ (losin); Metermii^'^tion of, by 
Ti itch ill’s yiroccss, 238-240. 

iodine value of, 256. 

^’specific gravity of, '“184. 

(Jolour reaetions of chol^l.terol, 292, 
293. 

__ - — of cotton. seed oil, 28S^i9i. 

- — of pliytosterol, 292, 

losiii acids, 295. w 

- rosin oil. 293 29.t. 

55 Csanu'‘ oil, 291, 292. 

Colza oil (see 

(Connecting i*od oil cups, 420, 421. 

(lonrad; im]irovcments in ball bearings 
42t 

Consistence ol bits ,jMd gi cases, deteimina- 
I tion of, 170 172. 

I Contamination lilms, 5, 

I ol limiid surfaces, 39. 

of solid surfaces, 3,8 

surface, 5, 6. 

Cook; method ot determining melting- 
point, 293. /■ 

Corn oil (see Jfdizc oil), 

‘ Oorni.sb’ bron/e. 382. _ 

(yOiTosion of metals by iree fatty acids in 
oils, 213 215 

ol steam eylindeis by fatty acids, 

105. 

Coste (and I’airy) ; piol>f'»'|i^« ‘^1 coin- 
nieroial nealsloot oil, 324. 
Cotlonseed oil, acetyl value of, 248, 250. 

_ aeid, Iree, in. 211. 

blow'll, acetyl value of, 218. 

. '' blow'll, distinction * of, front 

blown rape oil, 327. 

— lilown, Hehiier value of, 239. 

bio Ml, iodine value of, ,256. 

_ — blown, *^Kcielieit-Meissl value of, 


_ colour roaetions of, 288 291. 

frecziiig- point of, 199 

-- -- iodine value of, 25.5. e 

iodine value of mixed fatty 

acids r 0111 , 255. 

, ^ M.iumene value/ol, 2l)?>. , > 

■- meltin#- af. l i jlidifying-poinis 

of mixed tatty acids from, 205. 

oxidation, increase of weight of, 

by, 268, 270. 

oxidizability of, comparative, 

267. / . o 

oxygtn, absoiptioH of, by, 271, 

i 2 / 2 . ^ ' 

— refractive iude.v'irf, 206. 

_j’ I'tfraetumettfr valufe of,«207. 

, KeiclR*^t and .Heichert,- Meissl 

^ values of, 242. 

^ponification vaRe of, 222. 

__ ^ecific gravity of, 184. 
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Cottonseei^i^, specific gravity Vf mix'd 
fatty acids from, ISot. I • 

unsaponifiable matter in, per 

centre of, #33. 

CottoTif^ffl sfearin, iodin. value ol, ‘3r»r>. 

iodi:ie »alue of mixed fatty acids 

•frdm^ 255. 

moltiiig-|K)int of, 20-1 

— ■ #4^ 3oiidilying-]>oints 

^mixud iiitty acids iVoin, 205, 

sajjouitiration value ol, 22'* 

specific gravity o(, 184. 

Coulomb ; friction resoarc.iesf 0, 0. 

laws of solid friction, 10. 

ou How through c.tpillaiy tubes, 

22 . ^ ‘ . 
Cracking of mineral oil (see also Vrsfrurfiir 
i/istillaHoii), 95. 

Crank pi|.3, lubrication of, 899. 

Cros’sley (and T.c 8ueur) ; constants of 
Indian raju' oil, 108. 

Croton oil, acetyl value of, 2 is, 

Reichert- Mei.ssl value of, 212. 

Cuicas oil, freezing-poit't of, J99. 

iodine value of, 25.5, 

iodine value of mixed fatty acids 

Irom, 2,55. 

Ke'chert-Meissl value of, 212. 

saponification value, of, 222. 

specific giavity of, 181. 

Cycles, lubrication of, 178 
Cylinder oil from ostatki, 100. 

‘ valvolino,’ 1C7, 1C9 

Cylinder oils, liltercd, manufacture ofr 
97. 

Hashing- points of, 186. 

(mineral), viseosily ol, 167, 169 

— IP oxygen, absonitioii of, by, 271. 

retraced, maimfactiire of, 97. 

^ volatility ot, 191-191. • 

Cylinders, gas and oil engine, deposits 
found in, 477. 

'n an ' oil engine, lubiication of, 476, 

477. • 

steam , and valves, lubrication of, 

• 4 182-4' "• • 

corro; on^f, fatty aeids, 165, 

462, 488. 

deposits found in })assagcs of, 

482. 

design of, 156. 

drain valve fof, 157. 

i^^oerfect nature of lubricatioi^ 

of, 482 • J * 

lubj. .ants used kr, 476 • 

luDricat(^r^ lor, ^ 1 B 156. § 

~ p- wate'*, ei.cct#, in, 38, 481. • 

•Cyand'-lcel bearings, ellects of loati and 
speedNin pressure- film of, 74. 

^ results produced by weffr o’ 72. 


e 

D.\JirAN’s ‘titre test,’ 204, 828. « 

‘ Dal II. I sens ’ bronze, 882.* 

D.ohy; lubricator for ‘.team cylinders, 

a 

— (and Wo'll), lul)ii'’\+’im ol jihuie 

paritllel sui iaees, 61. m 

D'^eriiig; free acid in tallow, castor oil, 
and sperm ml, 212, 218. 

(and Redwood), soluliihty ol castoi 

oil in alcohol, 819, 

— vise<isily of castor oil, 820. 

Deggut Ol •gomlion’ liom Russian 

pcti oleum, 100. ^ 

‘ Delta’ metal, 882, 

De biegri (and i'abiis^; 'etenmiiation ol 
arachis oil in ■ :v oil, 286, 

.saponilieation valiU' of olivi' oil, 

318. 

Density, delenuination of, 181 

ot lubricating oils, elleet of cliange of 

temperatiiie on, 182, 188, 

of water at 1" to 100" (k, 181. 

‘clatiim of, to speeilic giavity , 172. 

*see also A/av/,//e (jrat ilii) 

Dejire/ (and "Naiioh’s) oil -testing machine 

{(/I'ic), ,866. 

De.structivo disiillatinn, 91, 95, 

Dewnince’s antifriction metaj^s, 889. 
Dilfusior ofnu lals, 1. 

Distillation, desti'iuHive, 91, 95. 

1)1 lanio, 96, 97. 

Jhstilledoils, nianutacture of, Ijom ostatki, 
99-101, 

manufaelure of, from residuum, 

97 99. 

manufactme ol, from shale, 

101 . 

Dolphiii-hody oil, llehiier value of, 289. 

iodine value of, 255. 

- Reichert value of, 212. 

saponilieation value of, 222. 

specilie gravity of, 181. 

Dolphin -jaw oil, composition of, 120. 

con.stiinta of, 121, 815. 

Jlchiier value ol, 289. 

ideiititication ol, 826. 

• iodine value of, 255. 

— lubricant for watches, 120, 47 I 

lirejiariition ol, 120. 

Reichert value of, 2 L. 

.safoniH%,titi)' ','aluG of, 222. 

Donath ^chei iicfil action ol tatty acids on 
• • metals, 214. • • 

DriLij'g4ifQid,-,, composition of, 131. 



lubricator, S’ 

Dudley*: c.\peiimonts ou alloys for beat- 
ings, m, 880, 883, 384. % 
Dufour ; retarded ebullition, 83. 
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Dupri't ; molecular adhesion, 16. 

— ~ solvent |)OV€r of surface films, 4(^ 

‘D W.M? hall-hcarintrs, 426, 427. 
l)ynainonietcrs, 4S)1. 

Dynamos and inotois, luhiication ol, 17h. 

Kautiinu’I oil (see Amdns). 

KUiciency and cost ol lulnicants, 49;i. 
Klectncal transmission ol power, 41t7 
‘ IClfctricon ’ antilriction metal, Jl.SO, 

Kills, «;r(‘ase-l)ox, 117. 

Klin wood lor,l)earin'^s, :>93. 

Kmeison et.tloii mill power scale, ltd, 

4i»r). 

‘ Kmpire' rolha b<‘llin,^^s, SM, 42^^, 421' 
Emulsions, nature of, 11. 

Energy, magnitude td' surface, 41. 

Engine oil from ostatlvi, li>0. 

oils, viscosity ol, l'‘»7. 

Engines, gas, luhrication of, 176, 17/ 

- - high speed, luhiication ol, |7ft. 

locomotive, hihrication ol, 41:7, lit, 
477). 187, I8H. 

- -■ marine, luhiication of, 176, 
oil, luhiication of, 177. 

- - traction, luhricatioii ol, 478. 

Eiigler ; asjih.ilt in mineral oil, 300. 

cxjiresil'Dii of viscosily, 1:72 

--- -Kunklcr viscomoler, 152. 

sland.iid viscometiM^-151. 

Kj-hraim : dolermiiialion%f iodine \alue, 
256, 

Evans (and Ulack) ; determination ol rosin 
acids hy Twitidieirs process, 2'18, 
240. 

Eva})oration of oil in steam eyliuders, 482. 
Ewing ; continuity ol static and Vinoiic 
coefficients of friction, 8. 60. 

friction and sjioed, .57. 

I'lxaminatioiia, hearing, book for record ol, 
489. 

‘ Es. H ’ hearing metal {I'tnna. M/ii.), 

382. 


F.vrs, cousistenee, determiiialion of, 170 
172. 

iodine value ol {/tthic), 2.55. 

^ . — melting- and .solidifying-points, de- 
terminatior of. 200 206. 

mclting-jioiiits t [t >h ‘, ), 204. 

melting of, phenomena o^^served in 

' the, 200. 

— — sajionilicatioii values of 222. 

. — speijohc gravities of, at 60*^ F {tahh’), 

184 . 

■'^.tsapoiii liable maD.er in ])ercentage 

of(/(r6/«3), 233. ' 

Fatty^acids, acetylation of, by Benedikt’s 
method, 247. 


f , 

r atty ac'ds, acticu^of acetic ap*iydride on, 

, ^16,248,249. 

— chemical action of, on metals, 

213-215, 

free, in oils (see A Ad). 

iu oils, def-ermirfation of, 

215 218. ^ -■ 

IVee, in oils, gravimetric deter- 

minalion o{, 218. 

- free, itermissiblc a.xnouTit of, in 
I lubricants, 2K>. 

; — insoluble, deteiminatioii of, 

I 237.^, 

I — iusolubb*, determination ol, in 

I pi' .cnee of hydrocarbons and wax 

alcobola, 237. 

i insoluble, piepallitioii of, 238. 

— melting- and solidifying-points, 

i determination of, 2i>0~2r'6. 

: . — _ nieiting of, plieiioinena^obshrvpd 

in the, 200. 

mixed, ol oils, iodine values of 

{liiUc}, 255. 

i . — — mixed, of oils, melting- and 
I solidilying-j/oinlsof (/o/)/e), 205. 

I mixed, of oils, specific gravities 

; of, at^'^-^' (J. {Uibh'), 185. 

• - — mi.xed. of oils (see also under 

I individual oils). 

I oecurring in lubneatiiig oils, 

I {tuhh'l 106. 

1 ])reparaiion j.nd juuperties of, 

105, 238. 

I *' volatile, estimatioiitof, 210. 

j Katty oils (see Ford m/.s), 

I Fenton's antifiictioii metal, 389. 
j Klims, contamination. 5. 

t liquid, stability of, 32, 

tension of, 31 ^ 

I lubricating ; characteristics of, 31. 

I critical velocity in, 23. 

j elicit of heat on, 38. 

; form of, on cylindrical bearings, 

i 

; - formatii'ii of, ac k.gh, speeds, 

I 61, 65, 73. 

i formation of, at low speeds, 55, 

; 62. 

lonnation of, between plane 

parallel sufidces, 65. 

I - Ixeati/ig of, 103. 

I oiliu *S8 of, 31 . 

— j — jilastic, 28, 5?. - 

— ]>lastic How in,,^9i 

— sf.rengtli of;' 54. 

thicic' ess of, ^8, 396, ^1. . 

— thickness, influence of, in lubri''' 

cation, 51 o 

c — Viscous flow in, 67. ,, 



- (lubricating), j-Hect of bud oji 
thickjj^ss (yf*l{)r>. 

pw^rties of, Reino'd ..nd Rio kor on, 


Films, pressttiig- (lubrioatl^ig), conditions i Fixn^ oils, specific gravitiep of, at (^0® F., 
formation of, 6t, J^!98,%lu2l • 104, 172, 184 • * 

unsajjonifiable miitioi in, per- 
centage; ^v.f ‘J3J5, 
j Flat)l)ing-poiut, Abel ti‘^ ' ; dctcnnining, 
187* • 

- ‘closed tost’ fir, 187. 

- determination of, lS7-lfl. 

- (Iray’b tester for determining, 100 
FI.isliing-]»<)int, liniils of safety, 18C 

meaning of, ISO. 
of cylinder oils, 1S7. 

- of fixed oils, 1 Sit. ■* # 

of mineral lubiicaiiiig oils, 101, 


32. 

soap- nobble, 31. 

solvent pow er of, JO. 

Film-taifi, for oxidi/iing and gumming 
properties ofpils, 2(iG. 

by Holde, with vaiion. fixed j 

oils, 207. 

Filters, oil, 168. • 

essential feahiro* of good, 170. 

Finkener ; test for n'sin oil in mineral oil, 
296. • • i 

test for purity of eastoi oil, 1 

File eaused by spontaneous ignition of oily | 
• etc., 278. I 

Firing-point {‘ fire -test’), detevniinati<tn 1 
of, 187. ' 

Fisli oil, acetyl value of. 2r(0. j 

comparative oxidizability of, 

267. • 

Fislidivor oils, iodine value of, 2fjr> 

sajionifieatioii valin' of, 222. 

(see also (kxi-Uin mi) 

specific gravity (tf, 181, 

Fixed oils, aeetyl values of {Jahh'sC), 2 1 8. 

2.'i0. 

— acid, free, in, natinc and 

amount of, 210 213 

chemical action of, on melals, 

213-215. _ . • 

(k!oom]io.sitioii of, in .steam- 

cylinders, lOf). 

detection of, in mineral oils, 

f . . 

— detection of mineral oils in, 211, 

--*■ I jUtermiiiat ion and ideiilifica-* 

tiouof, in mixed oils, 2'5.'>, 236. 

— — ^ <Hfferenco.s from *inineuil oils, 

♦ 10. 10^ 1 

— drying a’^i non 'Irying, 101. 

sKiJiaslij^ug-points of* 18G. 

— • IfiNi/ ng-jtfn Lsof, l!*9. • 

Hchn^r v*ee5 of (iitblr), 239. 

iodine vs lues of {i'lhhs), 1.15. 

. Alaumene values of {Uihlt j 263. 

— oxidation and gumming of (see 

Oxidufioti), 260-272. 

— oxygen in, percaiitage of, 103 j 

properties of, 10 1 ^ • 

r'"iTiin/5 small qiiaiilities of, jpro- i 

ce9.s fy,*218 • j 

2 Keicher^ and IJeimiej t - Afcissl i 

• • ralues Oi6«i/«/>^?’),<f42. ^ • j 

saiwiiification values of {Lnhlt'), I 

222.* t . i 

41 — — sources and composition <n, 1C3. • 


186 , 

‘open test’ foi , '■•6, 187. 

- - Pen.sky Alai tens te.st tor. 188. 

— - volatility of oils com])an‘d xvitli, 194, 
31(1. ■ 

Fluorescence, oi ‘bloom,’ 98, 101, 

229. 

cliaiMCtei istie of Iivdrocarbon oils, 

2‘29* 

'fc-troyed by nitioTia])btli-'il(Mio, etc , 

* 301. 

Forced lubrication 402, 103, 438 141, 
47r. 

Fox ; chemical action of latly^cids on lead, 

211 . 

- oxygen absoiplion test, ‘271. 

(and Raynes), changes eaus''d by 
blowing oils, 1‘22 

land Baynes), llchner v dues of blown 

oils, 239. 

Fiaelional distillation, 91, O.'i. 

Franke's niecli.mical hibiicator, 13,5. 
Freezing of lubricaiit.s. 461 
Freezing-point (see S''/tiu<i-pi>nil), 

Fricti'‘n, at liigb speeds due to viscosity 
of oil ])re,ssure-lilm, 35(8 

coelbcieiit, contniuity ()f static and 

kinetic, 8, 60 

coellicient, nio;isnremeiit and defini- 
tion of, 6. 

- coelficient, Alorin’s apjiaratiis for 
, HK'asuriiig, 6. 

coelficient of, at high .speeds with 

perfect lubrication, 361, 102. 

- coellicient of, at low spe<'«! 57. 

eoeHicioid, otj^Jh-etxveen the same and 

d^eivntmwil- 7. 

ooefficii'iit of, kill' lac, 7, 8. 

-t coefficient of ‘ Alariolia ’ metiu, 8, 
coeffic%nt of, static, 7, 8, 51. 

- -^oifficiciTt of, willi varyin.i^loads ami 

’ speeds, 61, 346. 

0 — coJ|es*on anti, 3, ^ 

contamination films and, .5, 7. 

effect of. ^n bearing temperatiJIe, 77, 

78 . 
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Fricti(^n, effect of viscosity of lubricaii^on i 
mMer betfl'in*];, ,■'8 , 

ed'ccls on luiicliiin'ry at low sjMieds, 

(1 ^ ! 

— Iieutiii^f by, 13, 14. j 

— ’ .lOatinjfof lul»i ioatin<; fihViS, elicclof I 

<m, 103 . ‘ i 

bigli sjieed, 301, ,‘>0.0. ; 

— — lii^b speed due to viscosity (tf lubii- ' 
'e;int, ailf) I 

induciice ol bearing,' area ujion, 81, I 
83 . 

f'ndneiKH!’ of load aiul s]»eed on, 71 

78, 40:. 

iiidiieneo of,;nelb()d of lubrication 

n[)nn, .''lO. 83 , lOl!, 

intlueiiee of surface condition on, (5. 

induence of thickness ol Inbricatino 

(ilins on, fd, 105. 

indueiK'i' of viscosity and oiline.ss ol 
luhrieanton. 50, 8i). 315. 310 

iiitei nal (viseosity) of Ihjuids. 15 38 

losses resuliinj,^ front, H», *j95- 13 

— ol ball bearings, 86 88 

— of brakes, 9-11. r 

- ol fonlaniinated surfaces, 5. 

of cyliinlrical b(3arin<:;.s; 71 81. 

— ~ ol lead idolize bearing’s. 380, 

of leather belt, 8 , 

(,[■ pivots, variation of, Lit speed 

and load, 09 

- of i-oller beariiifjs, 88, 139 
])lastic, 38, 53, 

- rolling, 3, 12, 80. 
seizing eaused by, 5. 

— - slow speed, 57, 391 

solid, and speed, 8 10, 57 02 

introdnetory, 1. 

laws of. 10 . 

natun* of, 2. 


‘ fJelatir^f for tbidkining miijeiil oils, 126, 
t 3113. 

Ihdlatly ; F'vontaneous ignition of oily 
waste, 279. » ‘ 

(lill (and Tufts) ; sitosterol ^in ij/^ize oil, 
234. . <• 

‘dlobe ’ oil, viscosity of, 167.(, * ^ 
Ghcerin, tlefermination of sjtecific gravity 
of, 174. HQ 

• used ill lubrieatioM of ^loam cylinders, 

476. ' 

Glycerol and water, iletenuination of vis- 
co,sittes of, 130 140. 

vise<e»ties of, at 20" G. [inhle), 

1 10 143. 

i‘ Glyet» ’ antifrictioirniet,al,p389, 

GoMnmnn ; determination of volatile fatty 
acids, 240. 

Gtiodinan , ebangc ol cwfKcient'^I friction 
with increasing load and speed, 
01 . 

co"(lieient of friction at low speeds, 

57. . . . ^ 
efh-ct of bism 'tb, etc, in antifriction 

alhtys 392. 

— e\|ieriments with ball bearings, 86. 

— investigation of antifriction alloys, 

392. " y 

— lead as an antifriction metal, 392, 

losses resulting from bearing friction, 

49. 

— low-speed fviclion, ■ (experiments on, 

58. 

" ,thickn('ss oflubricatiiig oil-lilms, 396. 

— visco.sity and cylindrical bearing 

friction, on, 80. 

Goodman’s friction testing machines 
(y/nt/ii), 3|i0 -359. , 

Gore ; solvent power of surface films, 40. 

‘ 'Goudron,' charaeterislics of, 


- Roiini(''s ('xpeiiments on, 7. 

theory ol, 12 . 

speed, etlect of, on, 60 , 61 , 316 , 

39 1 . 

.static, of roller bearings, 88 

— viscosity and, 51 

variation of, with speed, 60 , 391 . 

wear caused hy, 2 . 81 , 

li’riedmannN ])um[i < "bnder-lubrh'ator, 
450 . , ' ^ 

Furfurol test for sesanii oil, il 92 .^ 

Fnrnesii, luorieator tor steam cylinder.s 
153 , 454 . < * * 

t ‘ 

^Gai.kna .4 ixlo oil, viseosity^bf, 1 « 7 .^ 
Galici;^:! macliine oils, viscosity of, 167 . ' 

Gal ton ^Douglas) ; brakb fricUon^ experi,* 
inents, 9 - 11 . 

Gasei^gines, luhrieation of, ‘ 476 . 177 

Gasoline^ 94. 


lubricating grease made from, 100. 

‘ Grauey ’ bioj'^.e, 382. 

Grapeseed oil, acetyl valm* of, 248. 
‘Graphite’ antifriction. metal, t389. 
Graphite, ajiplication (if, to steam cvlinders, 
~ 153, 476. c 

for heavy lodQs,'47]f 472, 479. 

lubricant for cast-iron surfaces, 472. 

Gray ; flashing-point apparatus, 190. 
Grea.se, analysis of, systematic, 328. 

— - as lubricant fof motor cars, 478. 

— -- cart, from .6.dician petroleun|,t89. 

f. con^istenes of, methods of measuring 

, the, S'70-172. 

— ‘ cu[», ’ mannfnetnre (S' J 27 . 

? detection soap in, 30a. * 

■-* - /Jetection of^toorganw substatecs and * 
staixili in, 303. 

— ‘engii^e,’ manufacture fK, 127. 

hoVneck, 131. 







Grease, m^tinj!; of, ])hli*)mpna ^servedm 
the, Ro. % I f I 

melting-point, determinaJlion of, ‘’MU- 

206. • * I 

qji^nti!^ c nisunied iii ruilway wagon 

lubrication, 129. i 

rl?il\fuv wagon, i2S, 129. 

— rosin, aduiu-raticu of, lol. ' i 

can.^^. of iorniatioii of, KIO. ^ 

inaillifacturc ol, analyscB, and ^ 

uses of, 12!^, 472. 

soap - thickened, Manufactuie and 

analyses of, 12('' 131:» 

unsuit.'ihle for i|irck-ru»ining m.udnji- 

ery, 4G'i. | 

use ot, for locomotive luhiicatiou,* 

467. i 

— — uses as lubricant, 466, 167. ' 

(Jr('asp-L;i^ii luliiicator, 43(1, 441. 1 

(.Irea'siiiess, property ot luhiicants, 30, 

461, 162 

Gripper : ajijjroxiniatc analysis oi mixed 
lubricating oils, 221. 

Gumming of oils son'^-tinies due to fiee 
acids, 21.5. 

and oxidation of lubricating oils, 

26.5 27 H, 16M. 

(sec nha^Kiidiihun). 

Guu-nietal, 379. 

Gypsium Cor bearings, :’,9,3, 

Hamkniiach ; on eoi rcctioii for energy of 
capillaiy flow, 26 

Hall (Troetoi); iii'-asurement ol si^ifacc‘| 
tun bin, 4.5 1 7. 

liaipben , colon i‘ reaction of eotton.seed 
oil, 2S8, 

HardiiQs.si aiid its determination, 37.5 377. 
relative, of metals^aiid alloys, 37.5- 

* 

‘Harrington’ bion/e, 382. 

Hazel-nut oil, composition of, 116. 

^ i/.rd characters <>1, 116. 

iodine value of, 2.5;'), 

^iodine value ot* mixed fatty 

255. ‘N- 

lubi'ioxntHn 'delicate mccli.m- 

isms, 116. 

lubricant for watebe.s, etc., 

474. 

— melting- anfl .solidiCying-poiuts 

c 01 mixed fatty acifls from, 205. 


]; idiert-iMeisal value ^t 242. 

sapo'iitkation valuwol, 222. 

sourc^jof, il 'b ^ • 

^sp^ilic gi’a -ty a[, • 

.H '^tinggoi beariy^s .see 5cnr/?m.s). ^ • 

— — vLoi' Ity and, 191. 

Hedge-mustai^ oil, 108. 

^edge-radish oil, 108. 


HijJlbrd (G. E.) ; cx'perimeTr.. on cri/nk-iiin 
lubrication, 399. • „ 

Heliner , obseiv .tior on lleccbi’s cotton- 
seed on lef-*-, 2;-9 

(and Mitelu'l), Liuuiiiie tbetmal test, 

2.57V 2.58. 

jicbiici value, di terminatioii of the, 237. 

ot iixod and blown oils {lablc), 

23‘.6 

list' of. in the nnaly.sis of lubri- 
cants. 236, 237. 

llele-Sliaw : theory ol solid fiiction, 12. 
llenipsced oil, acetyl \alne uf, 218. 

lieezing jiniiit ' i, 199. 

iodine vab' of, 2.5.5. 

■ iodine value of mixed fatty 

.acids from, 255. 

___ oxidation of, ebaiige of weight 

by. 270 

molting- and solidifymg-points 

of niixftl fatty acids Irom, 2M.5. 

— relraetoinetei value of, 207. 

•iaponilieation value ot, 222, 

. . speciiie gravity ol, IS I, 

-- uiisa[»oiiilt iblo matter, jiorceiit- 

age of, in, 233 

Hesse ; colour testfoi cholesterol, 292. 
llickoiy (wood) for l)eaiings,,.393. 

Hide foi wheel tcetli, 3)93. 

lligli spc<*d engines, lubiication of, 175. 

Him . liiction ol lubricated sui faces, 9. 

‘ Htilliiiaiin ’ ball-beoiing, 12K. 

Holmeister ; nietlmds for determination ol 
setting jioints, 197. 

Holde; asplialt and resin in mineral oils, 
300 .302. 

— •changes undeigone by iiiiiieial oils 

exposed to aii in thin lilms, 272 
(78. 

Colour reaction of rosin oil, 191. 

detection ol fatty oil in niiueial oil, 

219, 326. 

detection of mineral oil in fatty oil, 

219. 

detection of nitronaplitlialene, 305. 

— detee.lion ol walei in oils, 30.5. 
aetermination of tlasbing-point, 188, 

189. 

Kngler’s viscometer, use ot, i,52. 

— - organic ac.ds^in . dneral oils, 210, 

218 . ' 

— ox'idntion of fixed oils, 267. ^ 

1 _!_» xygon ab.sor])tiowl<'st, 271. 

I pariffiiii in minoral oils, deterniinatior 

i (.i\ 2 {)t 0 

, Holly t wood) for bea’‘iiig.s, 393. 

: ^olt , (Jrav!-vali?e for steam cyWiaers 


^ravi 

i Hooper ; acidit^’ of commercial neiltsfoo 
1 oil, 324. 
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Horse lat, iodine value of, 255, ^ 

— ' ^’odiue Value oi mixed fatty acids 

fiom, 255. 

nieltiu^-]><nn^ of 204. 

— melting- and solidfyiiig-poiiits 

of mixed fatty acids Iroai, 205. 

Reichert and Reichert • Meissl 

values of, 242, 

sapoiiilication valm* of, 222. 

_ specific gravity of, IHl. 

Horse oil, Mauiuenc thermal value of, 203. 
Iloraeloot oil, acetyl value of, 250. 

, — iodine value of, 255. 

_____ iodine value of mixed fatty 

acids fiom,^255, 

specilic gravity of, 184. 

Hot-neck greases, 131, 479. 

How (Thos. W.) ; on rollei hearings, 88. 
Howat (A.); drop sight-feed lubricator, 
431. 

lIo\le’s antifriction metal, 389. 

Huhl iodine process, chemical reactions of 
the, 251, 252, 250. . 

value (see Itidnir valur). 

‘ Huile tournaiite’ (‘ huile d’enfer’), 1V-- 
Hurst; volatility of machine oils, 192, 

‘ Hyatt’ llcxihle roller hearings, 428. 

llcxihle /oiler hoarinj^s, friction of, 

429. 

llcxihle roller hearings, liwls carried 

by, 429. ^ 

liydraulic machinery, lubrication of, 54, 
479. 

Hydrocarbon oils (see Mineral Inhtintl’ 
iiiij oils, liosin oil). 

Hydrocariams, idcutilication of, in un- 
saponifiahlo matter, 229. 

occuiTonee of, in beeswax, 245. 

Hydrolysis of fatty e.stcrs, 105. 
Hydrometers, 177 179. 

‘ Ibis’ aiitifi’iciion metal, 389. 

Illuminating oils from petroleum, 91, 94. 

yield increased by cracking, 95. j 

Ingham and Sfapfer ; oil-testing machine 
[driun), 350. 

Iodine v ’ue calculated from bromine 
thermal test, 258 -260. 

calculated from Maiimem) test, 

264. 

- determinatAn <)f,h)y Kubl’s pro- 

cess, 252-256. 

at teniiikation of, hy Wijs’s-piA- 

cess, 257. 

- meaning and usohf, inoapalysis 

, of oils, 251. 

— of blown oils, alcohols, resiiijj^ 

solid hydroetirbons, mineral lubn- 
w eating oils, and rosin oil {table), 
256. I 

0 


Iodine vafue of fi;?e(i oils, falj'j, and waxes 
255. 

■ of-rnixed fatty acids {fable), 255. 

Isocholesterol, characte. istics of, 231, 

— distinction of, from choleste|j?l| 234. 

— occurrence of, in wool !’it, 231, 232. 

.IA(5oJ{Y’.s alloy for Ijght loads, 389. 

.lamba rape oil, 107. t • 

.lajian fish oil, acetyl value of, 250. 

Jajian wax, acetyl value of, 250. 

iodine value of, 255. 

mhlting- point of, 201. 

melting- and solidifying-points 

of mixeu latty acids from, 205. 

saponilicfulon Viijye of, 222. 

— specific gravity of, 184 

.lean (Amagat and), dillerenlial refracto- 
meter, 20G. o . 

Jenkin ; continuity of static and kinetic 
coefficients of fi iction, 8,60. 

- - friction and speed, 57. 

.Tonkins; bromine thermal test, 258, / 

— inelting pointt-ol tatty acids from 

blown oils, 123. 

.Icssop ; lubrication of conneeting-rod 
big-ends, 120. 

Jewelled bearings, 111. 

Job ; investigations into the eaiisos of hot 
bearings, 382-384. 

on torsion viscometer, 155. 

Joule ; meebanical equivalent of lieat, 13. 
Journals, corrosion of, by free fatty acids 
, in oils, 215. 

Kai'ok oil, colour reaction of, 288. 

Kelley’s watch oil, results of examination 
of, 121. . ' 

Kelvin ; law of molecular attractions, 
34. 

Ihjuids for illustraling intcrtacial 

tensi/^ij 34. 

Kerosene ill diuinating oil from pelrolein,.!, 

91. , 

Kimball on bi. tioii and speed, 8., ... 

- -V on low s]»ecd friction^ J8. % 
Kingsbury; frictvon'tif s».’ews, 370-372. ^ 
oil-testing machine, 361-364. 

oil air as a lubiicant, 85. 

thickness of lubricating oil-films, 

397. . 

Kingston’.^ aut^iction alloy, 389. ^ 
Kissling j appalafus for determining con- 
sistence of fats, >70. 

— i oxidation of linseed ciL 267.'' 

— ^ spontaSiettus heating ffi ohy fibrous 

- ^ mineral, ^9. ** w * 

Knowles (see Chapman). 

Kuittstorto : ‘ degrees’ (of Ifcidity), 216. . 
value (saponification value), 22(1-2291^ 





Knnkler ; app,ratuj fol-^Ji tcrminin/? con- Lo^iaim (and Brain) ; u f' of glycirol for 
slstrico of tats, 170 . ( ( Reiclit-rt-Meissl pfocess, ^^40. 

-1 — viscometer, IM. Leonard ; deUiction of nitronaphthaleiie 

• . '^or>. 

La.ce-m^ 1 \ ixo niacLin s, lubricants used Lewis (W. T. ) ; ^valoli and clock bearing's 
for, 17to 11 If r> ' 

Lafondrs forlkavi'y loaded bcaiings, Lewkowitsch ; acetyl value, determination 
382. _ _ , of the, 218, 219. 

‘Lahi^iycr’ yil-testing macliino {i/rum), ~ - - acetyl value, meanitfg of the, 2^1 , 

364, 3b.\ ^ ^ ^ values of oils {(nhfr), 250. 

Laplace; staldlily of Ihjuids and solids in acid, free, in jMlm oil, 211. 

contact, 37. characters ot comniLMcial blown oi^s^ 

‘Lapping’ (prc^ccss of grBiding hard 121. # 0 

metals), 3. chemical elia»!ges lused hy blowing 

Lard, iodine value of, 255. oils, 122. 

ioiline ^lue of* mixed fatty achK cliolesteiol, action^ of potash lime on, 

fm-nri 9 ^ f', O I 


from, 255, 

melting-point of. 201. 

— -j^iAl^tr.ng' and solidifying points of 
mixed fatty acids from. 205. 

refractometer value of, 207. 

Reichert- Meis.sl value of, 212, 

— — sapoiiilicafion value of, 222. 

specific gravity 4 184. 

misaponinable ina.ter, percentage of, 

in, 233. 

Lard oil, acetyl value of, 250, 


colophony, rlcterminalion of, by 

Twitchcll’s j)rocess, 239. 

iodine value, determination of the 

256. 

iieatsfoot oil, properties of, 321. 

nitric acid teat for cottonseed oiL 

’ 296, 291. 

— — rosin oil, sj)ccific gravity of, 125. 

— — sperm oil, alcohols ot, 215, 

sperm oil, composition ol, 112. 


■ clu^ractcr.s, general, and com- tallow, iodine value of. 322. 


position of, 1 1 8 

coefficient of friction (static) 

vith, 52. 

— congealing point of, in relation 

to iodine value, 323. 

constants of genuine, 315^ • 

^frco/ing-point of, 199. 

iodine value of, 255, 323. 

Maumene value of, 323. 

— - — preparation from lard, 118. 

— i\ .■'ractometer value of, 207. 

— <!■ ~ 3 j^apon ill cation value of 222f 
324, 

specific gravity of 1 84, 323. 

— j'ccilic gravity^!' mixed fatty 
acids fro n^ 185. 

testing, tdr adiilbarants in, 323. 

?^-o"ifi.'d 3 matter, peuMst- 
age or, 111 , 1^4. . 

uses as lubricant, 475 

Lasche ; experiments on high speed friction 
and lubrication, 76, 77, 414. 

— relation between bearing tomperaiuro 
• ’id friction, 7 7, *78, 103. 

Le Sueur Crmley). / . ^ 

Lead as an a.itilviction meid, o92, 472. 
‘bronze Hearings 379. | 


uusaponiHable matter,' relation of, to 

5) lire risk, 279. 

Liebermann ; colour read ions ofcholesterol, 
n rosin acids and rosin oil, 293-295. 

Lignum vitai for bearings, 393. 

• Limestone for bearings, 393. 

Linseed oil, acetyl value of, 218, 250. 

blown, Hehner value of, 239. 

freezing-point of, 199. 

. iodine value of, 255. 

— iodine value of mixed fatty 

acids from, 255. 

Maunieiie value of, 233. 

molting- and solidifying-points 

:y of mixed fatty acids from, 205. 

oxidation of increase of weight 

by, 268, 270. 

t- ^ oxygen, absorption of, by, 271. 

refractive index of, 206. 

refractometer value of, 207. 

)ii Reichert-Meissl valnc of, 242. 

sajionification value of, 222. 

ro eifij; gravi y of, 184. 

^ 8i>ecilio gravity of mixed fatty 

^ • acids from, 11^5. • 

—♦-»un saponifiable matter, percent- 

^age vf, m, 233. 


•iionzfbeariilg relatife frictiqp and* LiqtiJs, attractive forces between mplecules 


. twaro^^7.,3tt#. 

- ir^bearing metals, etfect of, oH wear 
ol jneiruals, 381. r 

^ Leeds ; rosin acids in rosin on, 1€5. 


' iftiscibility of, 35. 

Livache ; drying of oils by ovidatlln, 265. 
test for oxidation of .oils, 267, 268. 
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Loads fedini.MWe on learin^s, 104-408:;^ 

on b«^ll bi'ai^nj^s, ri.'). 

on ]tivot iH-aviii^s, 12 5. 

on ])laiie surface l)“anngs, 407, 408, 

12 - 2 - 121 . \ 

railway henrings, 478.« 

on roll<‘r 1)6 irin^s, 129. 

Lobry ib- Ibuyn ; detection of mineral oil 
in sperm oil, 220, :^j2t). 

T.o(‘omotivc engines, loads on bearings of, 

110 . 

lubrication of bi'arings of, 415, 

^ 410, 4^5, 187, 484. 

Jjooms, lubricanls used lor. 1/4. 

Lorrii'S, steam, lubrication of, 478. 
Lovibond’s tintonreter for observing the 
colour of oils, 309 

‘Luaid’ automatic cylinder-lubricator, 
451. 

Lubricants, acids in, eirects of, 213. 

adulteration of, 158. 

blended, 101. 

changes caused by , contin"t(l 

use, 105. 

])rocipitatioii of solid paraffin 

in, 100, 

clarification of, 408. 

cost and otliciency of, 193. 

decomposition of, 182 

iilter.s for, 108. ^ 

lor 1 oiler fittings, 180. 

- — lor liigli Speeds, 473. 

for low speeds, 471. 

for metal against wood, 472. 

for moderate speeds, 172. 

for nuts and bolts, 480. 

- — freezing of, 401. 

friction of solid, 11. 

.. — greasines.i of, 401, 402, 

grit, etc., in, 470, 

gumming of, 400. 

kinds of, suitable for various loads 

and speeds, 405, 4p-474. 

, measurement of efficiency ofj^494. 

mechanical testing of, 330-3/0. 

mixed, analysis of, 328, 329. ^ 

oilines . ol, 401, 402, 

plumbago, for cast-iron, 378. 

selection of, 493. 

solid, for heavy boa.iags, 471, 472, 

479. Cl ‘ 

shear of, 14. V 

staL.iiiK of fabrics by, 463.^ o « 

- — straining, importance of, 4^1< 

teirt;inff,of, by physical and cjjemical 

methods, 307-329, 1.''9. * . 

-- tl^ng of, by mecb^inical methods,^! 
380-370. I 

ut- of fats and greases aa, 466. 

— — variable oiliness ol, 33. 


hubricaufs, visciftifty of, if* relation to 
« lubrication, 462. ^ 

Lubricati;ig films (see Films). 

Lubiicating oils, comp5'sitioit»and identifi- 
cation of unsaponiliable nv^tter in, 
228-235. ^ • 

containing sperm ojl or vool fat 

and mineral^ oil, analysis of, 215. 

density, altei-ation in/T<»aused 

, by change of temller.iture, 182, 

I 

I expansion of (alteration m den- 

sity)!^ 82. 183. 

— mineral (see Miiu'tciI liihriccit- 

nit/ oils). 

■ mineral, pioport^n of, obtained 

I from crude }K‘ti oleum, 91. 

j mineral, spoiled by destructive 

j distillation, 95. ' 

I mixed, ap[)rox)mate analyfiis of, 

1 — 

i mixed, dclermination and idon- 

j tilication of the 8ai)onifiablo oil in, 

235,236. (- 

mixed, determination of uu- 

saponiliable matter in, 221-228. 

mixed, systematic analysis of, 

328. 

oxidation and gumming of, 

265-278. 

oxygen, absorption of, by, 269- 

271. 

Lubrication and friction (general remarks 
f on), 48. 

f)atb- and pad-, compared* 57, 83. 

batb-,To\ver‘s expeiiments on, 402. 

Beilis’ system of, 438, 439. 

by air-film, J5. 

by pump circulation, 415. 

< by suction at point oi* .v^^-'tive 

pressure, 73 (footnote). 

containinut'oi* fdms and, 6, 38, 48. 

econoniic.Tt, 497. 

ellects of lilm-strengtb on, 54. 

efficiency ^of, at QiLlerent load? and 

speeds, 61. " > 

forced , 402, 4i03 3 8* -4 T 1 , 476. 

grease.s used for low speed, 63, 472. 

high sjieed, 69, 64, 395, 473. 

theory of, 64-83. 

importance of, “^to i)reveut abrasion, 


6.5. 

— influence ofc the method of lubrica- 
tio'n OK, 56. 83. » v • • 

-influence of the nature wd condition 
f of fri6uion surfaces onrfifi.^ 

-r influence bf^fisco.sity^and oil^ess of 
lubricants on, 66, 473. 

—plow speed, 50, 55-63, 39<i, 471. 

X tlfcory of, 62. 



INDEX. 515 

Lubrication^nelhodicai habits, importance , TA-brlfator, drop-Teed ^nd biphou (com- 


of, 487. 

objects of, VJ. ' 

of bojicr IS >. 

VScollar-beaiings, 

foiipr^cting-rod bii^ ends, 420. 

of cutting tools, 48. 

— of cylinders, edbets of water on, fil, 

184. . 

of cv’lindiicaj surfaces, theory of, 72- 

84. 

of gas engiiifs, 476, 

of high sjx'ed engines, 47P. 

— — of hydiMulic machiuery, .o1, 179. 

of inclined plane surfaces, theory of, 

69-7i. 

of locomotive engines, 41.^). 416, 175, 

4S7, 188. 

•—'pKl# Marine engines, 476, 4 H 8 . 

of miscellaneous machines, 171-179. 

— — of motor cans, 178, 179. 

— — • of oil engines, 177. 
of piston rods, 125 

of [tivol bearing^, 128 , 

of pivots mathematically considered, 

<58. 

of ])]ane parallel surfaces, theory of, 

Cl. • 

of plane surface hearings, 421-425, 

of railway vchicle.s, 478. 

of slidc-hlochs, 121, 422, 173. 

of steam motors, 478. 

of traction engines, 478. 

of variable load bearings (craikk-pin.?, 

et. ), 419 421. 

——oil-pump, 437 , 138. 

pad-, 8-1, 436, 

— ; id-, To or’s experiments on, 401. 
I*ar30ns’ system of, 438. 

— jr'’ ct,’ 50, 402. 

— advantages of, 396, 397. 

pln°tic )lids, use of for, 63. 

* ring, for iese"voir bjarings, 414. 

— splash (cham^^er), 111, 475. 

— ' 

— *Fteaiu rvlimj''r ana valve, 44l-^>5, 
482-48 : 1 

superficial tension and, 30, 53, 6 <, 

surface - film solvent power and. 

40. 

theo> ^ of, 48-8%. ^ 

itreated ir three divisions, 51. 

viscous lli'w and, it. « t 

Lubricator, Atwius and Grendicon’s, for 
Bteaji -yli^dei- 461^ • 

autorr -.tic, for i .'amtcylmders,*444. * 


billed 1, 4 ’it 

Franke’s n.echani'^:.!, 135, 

Friedmrni. , pm for steam 

e^’linders, 450. 

‘ Furness,’ foi stejiii cylindel’s, 453, 

151. 

grease cup, for steam cylinders, 411. 

‘Liurd,’ for steam cylinders, 154. 

needle, h'U). 

‘ Octopus’ sight-feed, 133. 

Oltcwell’s, for steam cylinders. 111. 

‘ K(>\,’ for stoa’M ryliffders, 

‘ Roscoe,’ for st(‘am L ^ iindors, 141. 

Hoyle’s, for ste;.',. cylinders, 117. 

I — ‘ JSerpollet,’ im^chanical, 131. 
j -siphon, 130, 131. 

i Smith’s automatic valve, 155. 

I Staiiih-r gieusc ou]>, hio. 

1 — ThrelfalVh, for locomotives, 132. 

I for steam cylinders, 133. 

.'ilston’s, for shalting, etc., 110 . 

Waivcfield's, for steam cylinders, 417. 

'Winn’s, foi steam cylinders, 449. 

Lubricatois, 430 456. 

automatic and mechanical drop-feed, 

432-131, 

mechanical ‘ }M’P.ssure ! 431-136. 

needle, siphon and drop-feed, 430- 

132. 

steam cylinder and valve, -1 11-456. 

Lungwitz (see Nc7#-/'c//:f'r). 

Lux’s test for fatty oil in mineral oil, 
219. 

MAf'HiNR tools, lubricants used for, 475. 
Machinery, cleanliness, imjionancc of, 485, 
486. 

general, lubricants used for, 475. 

hydraulic, lubrication of, 51, 479. 

management of, 485-193. 

miscellaneous, lubrication of, 474. 

oils, viscosity of, 167, 169. 

light, from ostatki, 100 . 

oil-te.sthig (see Tesf.intj mnehines), 

> 330-372. 

preservation of standing, 189. 

starting new, 486. 

MTlhiney ; determination of ro.sin oil in 
mineral 298. 

Mackey *, cloth cJ tester, 280-283. 

A- results obtained with^282. 

spontaneous igi»tioK of oily materials, 

• 2 ». 

■y ishsapftiifiable matter, reflation of, to 
fire-risk, 279 


for ^raphite, 453. 

Ti^eley s steam-cylindei^ 444, 

• '^rop-feed, ^31. ^ 


autorr : tic, lor 'amtcylmaers, *444. ’ nre-risK, z/y ^ 

Sbapmai *11 aut.milftic steam cyjiiMer, # MacN^ugJit’b testing machine (rTwr), 365. 

■ ‘Magnolia’ metal, composition of, 889. 

— - friction experiment, ^th, 8j 


387 . 
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Maize oil, acetyl value of, 250. * Menhaden oil, iodfne value 0^255* 

f’;eeziii^^-])oiiit of, 199. — rMaumene value of, 263. 

— — iodine value of, 25.5. TtercluTt vnlu'/iof, 242. 

iodine valufi of 'ni^;ed fatty acids specific gravity of, i/fe4. 

from, 2.5,5. ’uisapoiiifiable matterp*’ per* 

— melting- and solidifying-])oiiit8 ecntago of, in, 233. 

of inixoil tatty acids from, 206. Metallic packing (see Pision-roff^ packings)^ 

Ucichert value of, 212. Metals, coriosion of,, by fatty acids in oils,, 

saponitication value of, 222. 213-21.5. 

— sitosterol in, 231. diffusion of, 4. 

s])ecific gravity of, 18 1. ' relative hardness of, 37.5, 376, 377.^ 

unsiiponifiable matter, per- | Michelson ; oUp measurement of superficial 

. M'litngf of, in, 233. 1 tension, 45. 

unsuitability of, for lubrication . | Milliaii test lor '‘ottonseed oil, 288, 289. 

107. .. I test for ses.i me oil, 292. 

Manganese bronze bearings, 381. ! Mineral aeiil, free, iietermiiation of, itfc 

Maple (wood) for hearings. 393. i oils, 217. 

Marangoni ; behaviour of liquids in con- | in refined rajie oil, 318. 

tact, 3.5 i permissible amount of, 2C3»... 

stability of liquids and solids in con- Mineral lubricating oiks, acid, free, in, 

tact, 37 210,218,311. 

Marcussoti ; scjiaratinn of cholesterol and lubricating oils, asli in, proportion'^ 

pbyto.steiol from mixtuveg cout iin- and determination of, 304, 311. ' 

ing mineral oil, 231. asphalt in, detection and deter- 

Marine engine cylimlers not directly mination of, 300- 302, 3il, 

luliricated, 483. boiling points of, 101. 

[Marine engines, lubiicantvS used for, 476. caoutchouc, detection of, in,, 

Marshall (liailey) ; ou roller bearings, 88. 302, 311. 

Martens’ oil-testing machine {dnim), 360- cold-test of, 101, 

3.52. - - colour of, 308. 

Mattico fA. M.) ; I'arsons’ syst^ of lubri- comi)0.sition of, 101-103. 

(!atioii, 438. detection of, in fatty oil, 219. 

Maumene tlierrniil test for oils, 260-263. fatly oil, detection of, in, 219,. 

thermal values of oils {table), 263. .311. 

thermal value, relation of, to iodine tire risk of, 279. 

value, 264. ' flashing-point of, 101, 186, 309, 

Maxwell on viscous and ])lastic flow, 28. , grit and dirt in, 312, 470. 

Mayer (L.) ; examination of tallow for; gummin;,^ of, 272-278, 31'', 460, 

cottonseed oil oi’ stearin, 322. ; inorganic subsiaiices, deftcctiott 

‘Mazut’ residuum from Russian, of, in, 303. 

petroleum, 97. iodine value of, 103, 2.56, 

Mechanical droji-feed lubricators, 432-434. 1 muiuCicturc of, 94-101. ^ 

‘ pressure ’ lubricators, 434-436. odour of, 308. 

testing of lubricants, 330-372. oxygen, absorption of, by, 271. 

testing of lubricants, objects and paiaftin, deteivninalimj. in,. 

conditions of, 330-331. — 299. ^ ' 

Mechanism ctliciency of, 497. properties and ^iiomposition of^- 

Meissl (see Reichert-Meissl). 101-103. 

‘ Melon oil ’ from head of dolphin, 120. refractive index of, 206, 

Melting-point, determinq.,’^n of, prepara- rosin oil in, detection and deter* 

tion of substaiicrf or, 2'»1. mination o)[, ^5-298, 311. 

*- — by Bach’s method, 203.’ — — saponifiable oil, determination' 

by Bensenjaiin’s method, 203.' ' of, /n, 228. 

by capillary tube mell-ioC, 202. sapt^uificatiou value of 

^ by Cook’s method, i03. u u 222. t c 

by Pohl’s method, 201. ' i — settin.g-point of, 101, lfe6, 200,. 

by Stock’s methf,d, 203. , » 310. v * t * 

of fats and greases, 200 -206. ^ ^ — soap, detection of, in, 358, 310^ 

ofCubricants, objects of determining. 4 sources of, 89-94. * 

200 . ^ specific gravity^f, 101, 184, 309* ^ 
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Mineral lubltoating o^ils, spoutau sous com- Jicptsfoot oil, Maumen^therjial talue of, 
bust ion prevented b/, 2 '9. ' 268. . . 

— — ayst^ivitic testing o^, by pbysi- meLing- ard solidifying points 

caianddimical methods, 308-812. of inr ed t-iUy . is from, 200. 

— viscosity, determination of, 309. pieparation of, 118, 324. 

— -- -- vi.rc()sity of, 1< 7-169. relracti\ 3 index of, 206. 

— — yisC(»s)tv of, factitious, 126. — — relractnineter value of, 207. 

volatility ol, 191--194, 309, 310, saponilication value of, 222. 

KH 482 si'P ifu‘ gravity of, 181. 

— — volatility and riasliing-])oint of, testing of, for adulterants, 324, 

coinjiared, 194, ?10. unsaponitiablc matter in, per 

Miscibility, interfacial teuton and, 35. cent., 321. 

Mitchell (see Hehner). , u^ed as Irbricanf for cloAs, 119, 

^Mixing-ods’ prepared from solar oil, 100. 474. 

Molecular stresses, intensity of, 33. | used for i fixing with mineral 

Molecules if liijuiUs, atti active forcas oil, 107. 

lietween, 33. Needle Inhricator, 430. 

— stresses on surface, 34. ■ ‘ Neutral oil,’ manufacture of, 98. 

MmMIxI. F.); formula for maximum loads Niger-seed oil, freezing-jioint of, 199. 

on bearings, 405. ; iodine value of, 2.5.5. 

lubrication by suction, 73 (footnote). — — iodine value of mixed fatty 

Moore (It. W. ) ; constants of porpoise and . acids from, 2.55. 

dolphin-jaw oils, 1 21. j Mauinone thermal value of, 263. 

Morawski ; colour rCaction of rosin acids, | ‘melting- and solidifying-iioiuts 

295. I ^ of mixed fatty acids from, 205. 

Morin ; frictional researches, 6, 9. refractometer value of, 207. 

Motorcars, lubrication of, 478, 479. saponification value of, 222. 

Motors, inaicatioii of, 498. specific gravity .of, 184. 

steam, lubrication of, 478. Nitrobenzene and nitronaibthalene, detec* 

Mustard oil, freezing-point of, 199. tion of, 304. 

iodine value of, 255. Nitronajdithalene, used for ^ destroying 

y— iodine value of mixed fatty, fluorescence or ‘ bloom,’ 98. 

acid.s from, 255, 1 Nordlinger ; free acid in castor oil, 213. 

TTielting- and solidifying points Nuts, lubricant for, 480. 

o» mixed tatty acids from, 205. i 

oxidizability of, comparative, ' Oak (wood) for bearings, 393. 

207 ‘ Octadecyl acetate, yield and saponification 

ref active index of, 206. value of, 214. 

• — saponificafion value of, 222. aieobol in sjiermaceti, 245. 

— » •ejiecific gravity of, 184. ‘ Octojms’ .sight-leed lubiicator, 433, 

Myricyl acetate, yield and saponification Oil-cups, cleaning and examination of, 
vab'^'of. 244. 489. 

alcohol, occurience cf, in beeswax Oil engines, lubrication of, 477. 
and carnenba wax, 245. Oil-feeders, 500. 

‘Oil-jiulp’ or ‘thickener,’ 126, 303. 
NAt^THA, Cl Lidb, ‘■I’om { ctroleum, 9-*^ Oi’ stains in fabrics, 463. 

Napier ; onTr...tiou and viscosity, 403. Oil-testing nuichincs (see Tastiny machineSf 

‘ Natural oils,’ 96. m?c/m??im/), 330-372. 

Navlor (0. W.) ; on water as a lubricant. Oil-ways in locomotive bearings, 415, 416. 

491 , wsit^ms for, J98 -401. 

Neatsfoo! oil. acety? vaJue of, 250. Oiliness, aft im^lirtant property of lubri- 

— & acid, free, in .324. **canta, 3(i, 31, 33, 56, 461, 462. ^ 

' as lubricant, <107, "iO, 475. • — measurement »ot, by oil -testing 

— — chailcterB, gene' a’, of, 118, 324 * Aichines, 330, 331, 336, 343, 863, 

|old,ejiect <f,om 119. < , 36? , / 

, 1_ constant' gp,nuine, 31 A • relation of, tc viscosity, S46, 

a fri-Aing ooilit of, 199. • § , ?6i. • r,* j \ 

icHline value of, 256. Oils, animal and vegetable (see Fmd oils). 

iodine value of m^’ed fatty t ids blown tsee (iluicn oils). • 

from, 2^6. * fatty (see Fixed oils). 
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Oils, fixed (see Firf^ oih). ^ ^ ^ ^ 

lubrica/in^ (see Lnhriadinuf oih). 

mineral lubricating (see Mineral ' 

liihrirafinij iiiU). r * 

mixt^d (see JAibnadimj oils)^ 

unucstribe<i, systematic ulstiiig of, 

31)7. 

Olive oil, acetyl value of, 248, 250. 

acid, Iree, in 211, 212, 310. 

— — arachis oil in, detection and 

determination of, 283, 3 1 7. 

as lubricant, 100, 171. 

- chenfiCal composition of, 113. 

chlorophyll i'l, 317. 

constants ^f genuine, 314. 

cojijier in. detection of, 317. ! 

extraction of, Irom olives, 112. j 

freezing-point of, 109. ^ 

fnifurol reaction given by, 292. 

iodine value of, 255, 317. 

iotliue value of mixed fat*^y , 

acids from, 255. ; 

. — . iMauniem' value of, 200; 318, 

melting- and solidifying-iiointt. , 

of mixed fatty acids fiom, 2U5. f ' 

oxidation, incica^e of weight of, 

by, 268, 270. ■ . i 

oxidi^ibilily of, conqiarative, ! 

267. 

ox'ygen, absorption o|fby, 271, 

2 ) 2 . 

refining of, 112, 317. 

relractive index of, 2('6. 

refract oraeter value of, 207, 317. 

Kcichort and Keicbert-Meissl 

values of, 212. 

Bapoiiification value of, 222, 318. 

source of, 112. 

sj)Gcific gravity of, 181, 317. 

specific gravity of mixed fatty 

acids Irom, 185, 

testing of, systematic, 316-319. 

unsapoiiitiable matter in, per 

cent., 233, 318. 

varieties of (‘virgin,’ ‘ super- 
fine ’ etc.), 112. f 

viscosity of, 167, 168. 

Olive-kernel oil, characters of, 113. 

. iodine value of'. 255. 

saj)onificatioii yilue of, 222. 

s])ecific gravity of, 184,^ 

Ordway ; ckth-oil tester, 280. 

— llasluhg- points o' mineral lubricatii/g 
’ oils, 186. *' 

' Ostatki,’ ck-racteristics of, 97V ' ^ 

— — di^^jBnce from American ‘ residuum,’ 

— — fractional distillates from {table), 100. 

miliufacture of lubricatiTig oils from, 

97, 99. 


Ottewell ; lubricator for steatfi cylinders', 

r 41 / ^ 

Ox oil, oil O’om beef tallcrv, 323. 

Oxidation and gumming of Ifibricating 
oils, 265 278, 460. * 

accelerated by finely di/ided iL^/ials, 

267. ' 

Bishop’s test, 26-8. 

film-tost, 26t). 

increase of u eight, of oils by, 267-* 

269. 

Livache’i^st, 267. 

of mineral oils, 272 278. 

products oi, 267. 

vvat( h-glass test 265, 

I 0..ygeii al>8orption test lor gTftnming pro* 

I perties of oils, 269, 270. 

' Ozokerite, iodine value of, 256. 

' (.see also Cd-asiu). 

Packing, metallic, for piston rods, 424. 

Bad lubrication, 436. 

Bads, examination of lubricating, 489. 

I ‘ Bale’ (mineral) oils,' 97, 101 
' Balm oil, acetyl value of, 250. 

; acid, kcG, in, 115, 211, 321. 

characters of, 115. 

I composition of, 115.’ 

comstants of genuine, 314, 

extraction, meibod of, 115. 

iodine value of, 255. 

iodine value of mixed fatty acids 

from, 255. 

melting-]>oint of, 201. 

melting ])oint of mixed fatty 

acids from, 205. 

Keicbert '^nd Reichcrt-Meissl 

values of, 242. 

saiionilicatioii value of, 2‘/2. ^ 

_! source of, 115. • ■ 

specific gra'.ity of, 181. 

specif? gravity of mixed fatty^,, 

acid fi om, 185. 

testing of, 32tV 

— uiisaponiliable 8jyiittei>iaf'yper 

cent., 233. iT 

used for fhaking^ailway wagoa 

grease, 107. 

Palra-iiut oil, acetyl value of, 260. 

characters and compoeition of> 

115, 116. . • 

distincUon of, from other mts,. 

5* r 32li; » 

I Helifcer value ol? 239. x 

1 — iodijio vllue of, 2115,^321. 

» j :: f — iodine^value of mixed fatty acids 

I ' Jrom, 255. ^ * 


— melting-point of, 204. 

c — ^ melting- and solidi lying-points 

i of 'toi(iced fatty aci^p from, 205, 



Palm-nut oil| Ileicherl ftnd Reichert-Meissl 
values of, 242, 321. 

»apo:ii/’cation vrfiu*' of, 222, 

32i, 

BOiii'f'e of, 115. 

• 4 — ^'ravity of, 184. 

‘Paraffin qi{.s,’ 

Paraffin wax. deteruiyiation of, in mineral 
lul)i’’'’aiiiij' oils, 299. 

• identifyiation of, in unsajioni- 

fiahle matt(M', 230. 

iodine value oi, 256. 

maiiufaetuie of, dlom petroleum 

and shale oil, 91, 101. 

meltinf;-point of, 201. 

at})oniticijftion value of (n/'}, 


Ie.jlai-iinrtric test for rosin o’l in*mineral 
oil, 296. • 

Poizio; araeh. lie acid in lape oil, 107, 
286. 

Poppyseed on, aeelyi value of. 218. 

^ freezing point of, 199. 

i(»dine value of, 255. 

iodine \alue of mixed fatty 

acids from, 255. ^ 

Mauineiie value of, 263. 

melting- and solidilying-points 

of mixed fatly acids liom, 205. 

oxidation of, iiuij'ea.se o^weight 

by, 26S, 270, 

oxidizability of, comparative, 

207. ^ 


222 . 

— specific gravity of, 184. 230. 

PaMpifsec CiU' ). 

Parsons (Hon. (!. A.); spindle-bearing, 417. 
Peacb-kerncl oil, acetyl value of, 248. 
Pedestal bearings, 411-115. 

Pensky- Martens llasbing-point apparatus, 
188. « 

Pentecost , on removal v)f oil-stains from 
fabrics, 463, 461. 

Petroleu ii, crude, characters and composi- 
tioi. of, fiom various countries, 92, 
93. 

nature and occurrence of, 89. 

relative proportions of illumin- 
ating and lubricating oil obtained 
Ironi, 91. 

])rodiicts obtained frony 94. • 

world’s production of, 90, 91. 

Phosphor-bronze bearings, 379, 383. 
Pbytoaterol acetate te.st for vegetable oils 
^ in ai inal oilS||232. 

— -".characteristics of, 231. 

k:'\r reactions of, 292. 

— — distinction and separation of, from 
oho’‘'sterol, 22l-*^34. 

*' iodine vniic* of, 256. 

— — occurrence of, in vegeoablo oils, 224, 

^ ..'’29, 

PiBrVlUo^'M^ioii of, 42 ,478. 'i» 

Pi8ton-rod,*p jckings {metallic), 389, 390, 
421. 

non-metal lie packing for, 64. 

Pivot-bearings, lubrication of, 423. 

Pivots, ! heory of Iftbrication of, 64-69. 
PHtetic friction, 28, 5S^ 

Plastic (lead) bronze f|r l)es”iyigs, 381.^ • 
Plnmbftffo lubricant for cast-iron 


Plumbago 

- vhee also (Jfaj 


fc^fives 5 

>n nlan fJj'/r.i uc). 


cast - 


i’ yokels { AgTJes) , ''oftaluination of#liquW 
' (.urtaces, 3!>. 

Poiseuillc'k formula for ^ow oft„ bquid 
throuj^i capillary ^b«*, 22, 133. 


refractive index of, 206. 

refiactoineler value of. 207. 

Reiclieri-.Meissl value of, 212. 

saponilication value of, 222, 

spfnibc gravity of, 181. 

- bju'citic gravity ol mixed fatly 

8 *i«ls fiom, 185. 

^*iinsn]ioniliablo matter in, per 

, cent , 2.33. 

'Porpoise body oil, freezing- point of, 199. 

llebner value of, 239, 

iodine value of. 255. 

Reichert and Reiclu-rt • Meissl 

values ot, 212. 

saponilication value of, 222. 

specitic gravity of, 181. 

— unsaponitiable matter in, 233. 

Porpoise- jaw oil, chemical constants of, 
121, 315. 

comjiosition of, 120, 

extraction of, from head-fat of 

porpoise, 120. 

llebner value of, 239. 

— iilentiiication of, 326. 

iodine value of, 255. 

Ri idle 1 1 and Reichert - Meissl 

values of, 212. 

saponification value of, 222. 

i source of, 120. 

j specitic gravity of, 184. 

' used for lubricating watches, 

! etc., 107, 120, 471. 

I Power, cost of pioduciiig, 498. _ 

I Pressure-iilm (lubru .il ing), conditions 
j urtlc' ^nch foii.'ed, 64. 

I Jk — foiai of, on cylindrical bearings, 

73. ^ • 

— t-j— measurements of thickness of, 
• / ^ # 

, (see alsf" Films), 

, Printing mqphines, lubricanlk^sed for, 
I • '47,5. 

' Pulleys, loise, 419. ^ 

^ Smith’s self oiling, 119. 
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Tump loltricat ion, 415, 437, 438. 
Pyknotnotei’, instfHmcnt for taking specific 
gravity, 172. 

* Pyrene oil ’ (decomj o.sfid refuse olive 
oil), 112, 113.” ■ 


Rape oil, sources of, “107. # 

aepeeific gravity of, 184, 813. 

I'specitic graviU' of mixed fatty 

acids from, 185. 

testing of, systematic,' 31 *2 31 6. 

unsaponifiable imtter in, per 


Quincke ; distance at which molecular 
attr^ACtions become }*iirceptible, 33. 

RA‘r.osiNE(V. I.); commences manufacture 
of lubricating oils from ostatki, 99. 
Railwfiy bearings, loads on, 473. 
llancid|ty of oifs, not the same as acidity, 
213. 

Ilapi* oil, aectyl value of, 218, 2.50. 

acid, free; in, 109, 211, 312. 

acid, free .sulphuric, in, 109, 

313. 

aracliMic acid in, 110, 286, 287. 

Black Sea (see Ji^tnson oil). 

— - blown, acetyl value of, 2 Id, 

250. 

blown, distinction of, fion 

blown cottonseed oil, 32?,’' ' 

.. blown, Hehner value of. 239. 

. . blown, iodine value of, 2.56. 

blown, Reichert- Mei.ssl value of, 

212 . 

charatueiistics of crude, 109. 

cliaracteristies of Imliiii, 107, 

108 . 

— — — cold, effect of, on, llo, 199. 

cheini(!al comjiosition of, 110, 

286, 287. 

constants of genuine, 314. 

ex{»ressioii and extraction of, 

from the seed, 108. 

freezing- ]>oint of, 110, 199. 

iodine value of, 255, 316. 

iodine value of mixed fatty 

acids from, 255. 

4: Maumenc value of, 263, 313.^ 

melting- and .solidifying-points 

of mixed fatty acids from, 205. 

*— oxiilation of, increase of weight 

by, ^^68, 269 

oxidizability of, coinparativtj, 

267, 316. 

■ oxygen, absorpt’on of, by, 269, 

270. 

• — ■ refining of, b^^' alkidine pro- 
cesses, 109. T; 

— — riitining of, by Thenard’a pro-i 

cess, effect of, 1 09. 

refractive index of, 20r. 

refract ometer value of, 207. ” 

(BKaichei t and Reichert Mcissl 

values of, 242. 

-^.saiionification valuei of, 222, 

3J3. 


cent, 233, 313. 

viscosity of, 167, 169, 313. 

Rapeseed, varieties of, 107. ^ 

Ravison oil, blown, acetyl value of, 248, 

250. . , ^ 

blown, Reichert-Meissl value of, 

242. 

cbaraci eristics of, 110, 111. 

iodine value of, 255. 

iodine valu6 of mlxeti fatty acids 

from, 255. 

iMaumene value of, 263. ^ \ 

moiling- and solidifyii-gH|0^tB ^ 

of mixed fatty acids fiom, 205. 

Ravison oil, rofractometer value of, 207. 

saponification value of, 222. . 

source of, 1 1 0, 

specilic gra' ily of, 184. 

specilic gravity of mixed fatty 

' acids fii m, 185. 

unsafionifiahle matter in, per 

cent, 233. 

Rayleigh ; cohesive force of water mole- 
cules, 3t 31. 

contact of lupiids with solids, 54. 

contamination of liquid surfaces, 

39. 

— — law of interfacial tension, 35. 

solvent power of sur face tilu 3, 40. 

strength of liquid films, 54. 

‘ Red’ engine oil, viscosity of, 167, 169. 

‘ Reduced * oils, characteristics of, 96.* 

process of manufacture, 96c 

Redwood (Bovertoii) ; expressm^-tf'^'riffB- 
cosity, 146. 

standard viscometer, 144. . 

(Dec. mg ana;, free acid in castor oil,. ^ 

212 . 

(Deering ani), solubility of cas^oj^l 

In alcohol, 319 _ 

(Doering and), ’us^osit*. os castor oil, 

320. ^ , ’ 

Redwood (I. J.); action of oils on metadB^^ 
213. 

grease, manufacture of, 126, 127. 

Refining small quanffities of oil, process %r, 

Refraction lest fipr oi's, 206 ’“208. \ 

Hefractiye indices of tils 206. 

R^fractemeter, Aflerantial, of Amagit and 
, Jean, 206, *^8 s 

— tests of oils {tabl6\^07> 

Reichert process, 240. ' ’ 

values<*>f otls [tabled 242. 

c « ♦ ' 
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Keiohert-l^issl prpc*«, 24u. * I 

•— values of oils (iaWe), 242.* „ 

Reimer (and ^VU 1 ) ; acid ot high melting- 
point in Tape oil, 280. * 

ReiAold i* on tLickness of liquid films, 
47. • 

• pfoTOrticfc of soap films, 32. 

Rennie ; Iriction researches, 6 , 7. 

Rejj^rd ; compo.ation of rosin oil, 125, i 
—— determination of arachis oil in olive 
oil, 28f, 286. I 

Residuum,' eliaracterist.o.'i of, 97. ' 

— — difference between •^^American and ' 
Russian, 97. i 

manufacture of distilled oils from, 97- I 

101 ^ • 

i.ature and source of, 91, 92, 94. I 

—— yield reduced by cracking, 97. I 

also Oafalki). j 

RSins, detection and determination of, in 
mineral oils, 300-302. 

(see also Kjolophonif). | 

Reynolds (Osborne) ; conditions determin- 
ing steady v*p(;ou , flow, 24, 133. 

• heating of lubricating films, 

403. 

— lubrication of inclined plane ■ 

sui^ces, 69. 

— physical and mechanical vis- 

cosity, 22 . 

— theory of rolling friction, 12 . 

thickness of lubricating oil- 

fihiis, 396. 

— viscosity and lubrication, 30. • 

» viscous flow between approach- 
ing surfaces, 67, ' 

■ viscous theory of lubrication, 50. ! 

■* Kc:^,’ cyliiid t lubric|,tor, 449. | 

•* Rnigolene,' volatile spirit from crude i 
a*(t-.,Tiftj^olcum, 94. * 

Rhodiu ; sirajde form of absolute visco- , 

metf'r, 143. 

Mscosities oils (iihk), 144. I 

Richard’s antifriction metals, 389. ! 

Rivards ■ on ;loth - oil tester, | 

I 

Richardson^ T^ea^Hretpeiit of surface ten- 
si m of oils, 46, 47. j 

Richmond ; development of the Reichert 
process, 240. i 

Riehl^ V.S. ‘Standard’ testing machine , 
0 {dnm), 359-3W. i 

Ring spindles lubricat&n of 118, 419. i 
Ritsert ; rancidity of o 
Roberts-Austen ; on d fusion of matals, * . 
Robertsha'^ (see tV < '/Jr). ® i * 
Rony-bearin^, 8 ", 8 fk 4'26-430. , 

Rolls, 4ubj'i(‘arit forf 98. * 

JioBCoe ; liJbricator for steam cylinders, 
441. 


yosin (see Colophony), 

grease, 120-131. • 

pui'i OSes ustid for, '472. 

Rosin oil, aiih; ''rides eri ’ in, 125. 

cilaracterk, genor.il, of, 125. 

u colour reactions of, 29*^-295, 

composition of, 12.5. 

detection and determination of, 

lu mineral oil, 29.5-298. 

drying jiroperties of, 125. 

-- iodine value of, i:.56. 

manufacture of, fiom rosin, 124. 

■ manufacture ofyrease frjim, 126, 

129-131. 

oxygen, ah^'.ridion of, by, 271. 

__ refractive .hdex of, 206. 

— - - refractometer value of, 207. 

rosin acids in, 125. 

rotation of, 125, 296. 

solubility of, in ac<'tone and 

alcohol, 29.5, 290. 

specific gravity of, 125, 185. 

— ^ vised for batching jute, 125. 

Riryle’s ''Oleojector ’ cylinder lubricator, 
447. 

•Rubsen seed and oil, K'?. 

Hucker ; on thickness of soap-films, 47. 

propel ties of soap-lilms, 32. 

Ruhemann ; detection fatty oil in 
mineral oil, 219. 

Russian machiiio oils, viscosity of, 167- 
169. 

oils (see Mimral luhrimtiiuj oils), 

residuum (see Osidfli). 

‘ Saloee’ antifriction metal, 389. 
Salkowski ; colour reaction of cholesterol, 
292. 

ol .ervation on setting-point of cod- 

liver oil, ]9r). 

Sajionification, nature of, 105. 

equivalent {Allen), 223. 

value, determination of, 221. 

meaning and use of, 220, 224, 

values of oils, fats, and waxes {kthU)^ 

222 . 

Sj^dine oil, iodine value of, 255, 

refractometer value of 207. 

saponification value of, 222. 

specific gravity of, 184. 

mis'ii^iiifiahh, matter in, per 

Jcent., 233. 

Sayl It’s viscometej, 119 ^ 

Schiii# ^colour reaction of cholesterol, 

• 29». 

Sflliottner; viscosity of glycerol, 140. 
Schultz I me^iod for deteruiMlig the 

* getting- points of oils, 198. 
Schweitzer ;• factitious viscositv mineral 

oils, 126. 



Schweitzer (and Lungwitz) ; characteit; 
istins of ^cn^iric lard oil, 323. 

dcterniinalion of the iodine 

'Value, 250. 

— test for soajiin mineral oil, 30‘i. 

Sclerome'jr for measuring Imrfine.ss of 

metals, 370. 

Scotch metliod of (hdermining the setting* 
points 'of shale. oil>>, 196. 

Scotch oils (see Mn/c oil ; Mimral hihri- 
ailinif Oil) 

Scott-.Moncnelf ; friction and viscosity, 
4 ^ 13 . «■ 

Screwing liquids (see Drilling liqnith), 
J31. 

Scr<‘ws, friction of, 3)^0-372 
Seal oil, acetyl value of, 250. 

blown, Ilehner value of, 239. 

Iroc/dng-poiiit of, 199. 

— — iodine \alue of, 255. 

Mamueue value of, 263. 

• melting- and solidifying-points 

of mixed fatty acids from, *205. 

lelractometer value of,* :^07. ' 

lleichert value of, 242. 

sajioidiication value of, 222. * 

sjiecitic, gravity of^, 184. 

— lUKsaponifiablo matter in, per 

cent , 23al 

Seizing of lead, tin, wrought irom etc., 5. 

‘ Serpollet ’ mechanical lubricator; 434. 
Sesame oil, acetyl value of, 248. 

colour reaction of, 291. 

frce/ing-]ioint of, 199. 

iodine value of, 255, 

t. iodine value of mixed fatty 

acids from, 255. 

iMaumem* value of, 263. 

melting- and solidifying-points 

of mixeil fatty acids from, 205, 

oxidation of, increase of weight 

hy, 2GS, 270. 

oxidizability of, comparative, 

267. 

refractive index of, 206. 

• refractoraeter value of, 207. , 

r icheit and Reichert -Meissl 

values of, 242. 

^ saponification value of, 222. 

specific gravity id, 184. 

■ unsaponifiable i^^attcf in, 233. 

Setting-point, determination of, b;f>,4.rch- 
butt's meihod,^196. * 

by Hofmeister's methoii 497. 

by ^^cliultz’s method ,*-198,* 

'Scotch method. 196. ^ 

Tagliahue’s apparatim, 199. 

of fixed oils, 195, 199. 

ofiiinend lubiicatiiigoiH, 101, 195, 

200, 310. 


Seftiiig-point, ineaL^ifg of, 1 95i 

nreca^tioffl necessary in determining,. 

19f>., • c 

(see also Solid ifi/ing-pomt).^ 

Sewing machines, lubricants used fo»,^75* 
Sliufting, lubricants used for, ^75.^., 

Shale, bituminous, characteristics of, *91. 
products of, destructive distilla- 
tion of, 91. 

oil, cliaracteristics ,and compositioni 

of, 94, 

piod^is obtained from, 101. 

(.see Mineral Lnbneatiiuj oil). 

Shark -liver oil, u ‘etyl value of, 250. 

refractometer valik of, 207. 

Sl'^w (T.); pliiiiibagb as ln&ricant for 

cast-iron, 479. 

Sheep’s- foot oil, refractometer \alue of; 

Sight-feed (.see Drop feed). 

Siphoii-fced, oil-lifting ]iower of trim* 

mings, 492. ^ 

lubricator, 430, 431. 

Sitosterol, occurreiicetyf, in maize oil, 234* 
Skate-liver oil, acetal value of, 250. 
Slide-block.s, loads on, 422. 

lubrication of, 421, 422, 473. 

Slides, theory of lubrication of, ''*69-72. 

Smith (Angus) ; oxygen absorption test, 
269. 

(Ford) ; design of footstep-bearing, 

423. 

(H. H.); magnolia metal, frictioiii 

• ffsts of, 8, 387. 

(R.1I.) ; friction testing machine 

[drum), 348- 319. 

(W. iM.) ; automatic valve lubricator 

for locomotips, 455. 

Snakewood for bearings, 393. • 

Solti>, as a lubricant for 
maidiinery, 54. 

(bubble) ril-»^ 31. 

detec tior otT’ in mineral oils, and 

greases, 303. 

preparation of, fronf fitted oils, 

••^oft, as a lubricant foi^ hydi’aaiia 

machinery, !79. • ' 

thickened grease.s, manufacture and 

analysis of, 126-131, 328. 

oils, 126, 328. 

Soapstone, lubricant f(fr heavy loads, 471> 
479. • • 

oil,’ 11)0, 1 

I Solid lubricants. If. 471, 4T9. x 
Solids, friction of, If 14, , # 

— sifiorliciaften'fton of, 36. 
Solidfcfying-]K)int? o4|fatty aftds, 200-4B06, 

tletermined by ftalican’a titi%-te8t, 

-h204. * 

— — Sy^ach’s method, 203. e 
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Solubility, ipterfaciallens’on affected 6y, ' ^^jem oils, melting:- audfsolulifyirfg-pointa 


39. ^ 

Solvent-power ( ^surface Slifts, 40. 

Specific gj^t^ity and den ’tj, 172-185. 

— * ■% — deteruiination of, by bottle, 
i73«’ 

— —^etcraunatioii of, by hydro- 

inetera, 1 77- 1 7b. 

— • determination of, by Spreiigel, 

lube, 171j 

detenninatiou of, by Westphal 

balance, 175-177.^ 

of coal-tar oils, 1 85. 

of glycerin, deleriiiination of, 

174. 

4f inineisl lubricating oils, yi, 

172, 185. 

of mixed fatty acids at , 

^ UiU“ ’ 


of mixed fUtt^ acids from, 205, 

325. 

miiu'’;a] .oil ' detection of, 

326. ‘ 

% oxidiziibiUty of, cor. parative, 

267. 

oxygen, :ibsor))tion of, by, 272. 

])ro}icitics of iif/xed 

from, 230, 2ii, 

refractive index of, 206. 

ref lactometer value of. 


W., ..J, «| 

iifixed alcf^ols 
4, 215, 326. 


207 


185. 

— of mixed 

]% C., 185. 
100 * ^ 


w'ax alcohols at 


- of rosin oils, 1 85. 

of vegetable and animal (fixed; 

oils, 101, 172, 184. 

waxes, 181. 

reduction of, from one standard 

to another, 180. 

redmtion to the vacuum, 178. 

relation to hydrometer degrees 

{ia()!e), 179. 

— (see also Dnmiy). • 

Specific*? 'inperalure reai tion, 263. 

Sperm oil.s, acetyl value of, 250. 

acid, free, in, 213, 325. 

A tic aiK^ Southern, corapari- | 

• son of, 324, 325. i 

—^characters, general, of, 119.^ 

composition of, 119. 

'^nnstants ol^enuine, 316. 

— — deterudnation 

mineral oil, 245. 

-Mr ext \(%ion o^ from the blubber, 

• Hi* . ^ 

of» ‘126. 

freezing-point of, 199, 325. 

identification of the unsaponi- 

fiable matter from, 230, 231, 326. 
iodine 'Vtilue of, 255, 326. 

- iodine vaHi/ of mixed fatty 


Keicbcit value .if, 212.’ 

saponilicati >u value of, 222, 

326. ^ 

separation of spermaceti from» 

119. 

Southern and Arctic, comiiari- 

son of, 32.5, 

Southern and Arctic, sources of,. 

119. 

r- spccilic gravity of, 184, 325,. 

S!6. 

specific gravity of unsaponi- 

liable iiialtei tioin, 185. 

static coellicicntof (riction with, 


• acids from, ^ § 

iour.i 3 valJe of unsaponifiable 

mat^r f^om, ^56. _ - 

j? — ^^lubrican" ^or Tight mjebinery 

f and^indl '474. 

lubricaifts, as, purposes* su’tab* 

(of, 474. 

— Maumen4 value^,€25. 


testing of, fo/tiduHorants, 324- 

326. 

unsa])onifmble matter in, per 

cent., 2.13, 326, 326. 

— — • unsaponilialile matter in, ]iro* 

]»ertic8 of, 230, 231, 244, 245, 326. 

unsaponiliablo matter in, yield 

f of acetates fiom, 244. • 

I visco.sity of and ellect of tem- 

perature on, 120, 167, 108, 325, 
Sperm-oeti, acetyl value of, 250. 

com])Osition of, 24.5. 

iodine value of, 255. 

meltino-point of, 201. 

of, in presence of ; saponification value of, 222. 

' separation of, from s])erm oil, 119. 

specific gravity of, 184. 

unsa])oniliable matter in, per cent.^ 

* 233. 

Spin<llc bearing, Parsons’, 417. 

Spindle oils from ostatki, 100. 

visco.-iity ol, >7, 168. 

Spindles •(te\l|(e), lub. .'-ants used for, 
.1 474. 

• (ring), y 8, -119. ^ 

Splaaii^ (chamber) lubrication, 441, 475,. 

• 418 . 

Spontaneous ignit' m of oily rags, etc.> 
27 S ‘433. 

? causes of, 278. 

Sanger of, from fr^'e 4|itty acid 

in oils, 279. 
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JJpontanlrous ifjnition, inftnence of t»j 
nature of fiie fibrous material on, 
279. ’ 

jirevented by mineral oil, 279. 

testing oils to ascertain their 

1’ \bility to, 278-288. 

Sprengel tube for s})ecific gravity deter- 
minations, 174. 

Spring (WaKiV-re) ; welding of metals, 4. 
Staining of fabrics by lubricants, 4ti3. 
Stains, oil, cause and removal of, 468. 
‘Stauffer’ grease lubricator, <186. 
Stcam-rcjiiiing ,i>roeess for mineral lubri- 
cating oils, 96. 

Steel bearings, 877. 

Steinbuch ; Keicheri Meissl value of por- 
poise body and jaw oils, 121. 

Stock ; corrosion ol iron by free fatty 
acids, 21 fj. 

method of determining molting point 

of grease, 201. 

Storch ; colour reaction of ro.sin oil, 293. 

determination of rosin oil in« miner it 

oil, 297. 

Stribeck ; friction and sped, 77. | 

friction of ball, roller and plain bear- 
ings, 88. 

.Stroudley’s oil-testing machine {dmi), 
353-355.“' 

Sulnhoearbon oil’ (refuse olive o||^, 112. 
.€ul[ihuric acid, free, in refined raj>e oil, 
313. 

(Maumene)tlK'Tmal test for oils, 

260-265. 

.Sunflower oil, freezing-point of, 199. 

, iodine value of, 25.5. 

— iodine value of mixed fatty acids 

from, 2.')5. 

melting- and solidifying points 

of mixed fatty acids from, 205. 

oxidizabihlv of, comparative, 

‘267. 

refractometer, value of, 207. 

Reichert Meis.sl value of, 242. 

— Biponification value of, 222. 

sjKjcifie gravity of, 184. 

* Suuned oil,' 97. 

Sunning’ process, 97. 

.€u])erficial tension, and lubrication, 30-47, 
58, 64. 

and solubility, -U'. ' • _ 

— at interfaces m liquid^ ^ and 

solid', 36-38. i 

— caused by stresses of^8t}rface 

molecu]gs, 34. ^ ( 

circumstances which modify, 3b. 

<tef ect of, on Uibr\patiiie films, 

53. 

— - effects of contaraikation on, 


Superficial tension, <l\?aporatian related to, 

39.^, , 

influence of, r*i behaviour of 

Ikjuidsin contact, 86-53^ 

influence of, on stability of 

liquids and solids itr fioiitact. 36- 
38. , 

mf'asuremept of, 41. 

measurement of, by Prc.tor 

Hall, 45-47. 

measurement of, by rise in 

tubes, 4 .^. 

mealnremeiit of, by film tension, 

45. 

measurement of, by wetted plate, 

46. 

of free liquid surfaces, 32. • 

of liquid interfaces, 34. 

of solid surfaces, 36. tSm., 

of water- film, 36. 

theory of, 83-38. 

Surface contamination, 5. , 

energy, jiroportion to surface area, 

40. -p 

films, solvent power of, 40. 

; Tagliabite’s standard oil-freezer, 199. 

‘ Tait ; ‘ adhesion ’ and ‘ cohesioa,’ 3. 

Tallow, acetyl value of, 250, 

acid, free, in, 117, 212, 321. 

— — characters, general, of, 117, 

composition of, 117. 

constants of genuine, 315. 

— — for grease-making, 107. 

iodine value of, 255, 321, 

iodine value of mixed fatty acids 

trom, 255. 

lubricant, witj graphite, for h'^avy 

lo.id-i, 472. 

— *■- melting-point of, 204. 4 ^.- ^ 

melting- nnd solidifying-pointa of 

mixed fath acids from, 205. « 

refractometer value of, 207. 

Reichert and Reichert- Meissl values 

of, 242. - * . ^ . 

^ ..idering of, 117. ^ ‘ 

sap mification v^aliK of* 2fj, 821, 

Fources of, 117. 

sut.(>ended (insoluble) impurities in, 

821. 

specific gravity of^lSi. 

si*ecific gravit^^ of mixed fatty aoCds 


— ^ testing of, for \ ' 
323. I' 
t— uii|aponifi£blelf 


dulterants, etc. >.321- 
matter in, fter'cent, 


■Si— vahiatiou of, by*' the ‘titre ’teit,^ 
,323. ^ 

viscosity^, 167. ^ - 



0 , 
Tallow, wal^r in, 32f.* 

Tallow oil, characters, geneial,^f, 11^, i 
— — — — conip-^sition of, ' 1 

— — — ^ctonslauls of g. nuiiie, 315. 1 

— exj»re&!iiou of, Irom tallow, 118. 

^ hlitne value of, ‘loS, 323. 1 

. — lubric.iut, used for mixing with 

mnieral oil, 118. j 

— ^Jaum OIK! thermal value of, 263. | 

Tefractumeter value of, 207. | 

solidifying point of, 323. j 

Bpeoific gravity of, 323. ! 

testing of, 323.*^ , 

(see also Atumitl oil). 

Tallow ^steariue,’ 1 18. | 

Tar oil, stirsific gravity of, 185. , j 

fl.’ensioii, sujieriicial, and lubrication, 30- , 

47. i 


TyAiog*’of lubricants, by chemical and 
physical methods, 307 "‘129. 
by mechanical methuda, 330- 


370. 

— — of fixed oils and fats, 312-327. 

of mineral oilai'.SOd- 312. 

of mixed oils and greases, 328, 329. 

of undescrihed oils, 307. 

machines, mechanical, 330-370. 

imechanical, cylinder or drum, 


332-864, 

mechanical, design of, 331, 

mechanical, disc and collar, 304- 


369, 

mechanical, disc and collar, 

si'itability ot, for oil-testing, 3G4 n 
meciianical, value of, 330. 

mechanical (see also under 

inventor’s name). 

Thecmal test for oil^with bromine, 257- 


*m:» ^foT oils with sulphuric ^id, 

260-265. 

Thickened cds (see oih;}. 

Thomson ; iree ucid i^ils, LI 3. 

— (and Ballantyne) ; specific tempera- 
^ trre ler ^ffon, 26'!. 

^ clAi-ges proo'Hied by ^J^viug 

oil^l4J2, ft3^3^7. 

Threlfall^ automatic lubricator for cylin- 
ders, 433. 

lubricator for locomotives, 432. 

Thurston (R. H.)f exiieriments on static 
0 friction, 62, • 

the selecnon of eynomical lubricants^ 

499 . ’ it* 

Thurston’s ^il-testiif i^chine [drum\ 

* description r*f332P-341. J • 

machir- WriJw), grod^on of 

• SCI les on, ffeo. • 

^lachine {dtuni^ limited value 

of, 846. 


'^luioton’s oil -testing macr.'ne^(r7rum), 
method cl w'ormng, 341-348. 

— mach'nc {ihooi), {larticulars of 

machiii- used by ■ ^liors, 339- 3 10. 

nAcliinec&rioiO. resiiltsoblained 

ry authois with, 344-34f. 

Tilston’s automatic forced lubiicator, 440. 
Titre-test, 204. ' 

‘ Tjhiii * bronze, 382. 

Tools, lubrication of cutting-, 481 . 

I'ortelli (and lUiggeri) ; determination of 
arachis oil in olive oil, 28.5, 286 
Tower (Beauchamp), abolition of (friction 
and wear of he irm^S 398. 

experiment on i)ivot friction, 

04, 367, 423.^; 

friction experiments {irfcrcnre), 

50. 

on collar fiiction, 422. 

cn positions for oil-ways of bear- 
ings, 400. 

testing-macliinc {collar), 868. 

— ^ testing-machine {disc or pivot), 

ib7, 368, 424. 

testing-machine {drum), 855, 

356. 

I viscosity and cylindrical bearing 

Hetion, 80. ^ 

Traction engines, lubrication of, 478. 

Train oil, comparative oxidizability of, 
267. 

Trimmings (see JVicls). 

Tufts (see Gdl). 

Turbine bearings, mineral oils used for, 475, 
Turner’s sclerometer, 376. 

Twitchell ; process for determination 
rosin acids (colophony), 238-240. 

Ulzek ,jee BenedUd). 

‘ United Kingdom ’ metallic packing, 389. 

‘ United States’ metallic packing, 389. 
Unsuponifiable matter, comjiositioii and' 
identification of, 228-235. 

deteimination of, 224-228. 

examination of, by acetylatiom 

process, 243-246. 

from sperm oil and solid waxes, 

234. 

identification of hydrocaibons 

in, 229. 

•idenyfication v** wax alcohols in, 

J 230, 2 ”, 

i " — identification <3 chdosterols in, 

t ^31-234. • 

1 — •soap in the, 234.^ 

• unsaponified oil m, 234. 

of determining ®W^224. 

Un^if; ‘ carboid ’ for bearings, 394. 

— on d^tem.ii*®*^'''* WK 

376. 
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V'acuuj^ process of distillation, 96. 

C'alenta ; charactenstics of bone fat, 322. 

detenm'ilatioii of rosin oil in mineral 

. oil, 296. 

^^aseline, identification of, 'In unsaponi- 
lifible matter, 230. ■ 

iodine value of, 2r)6. 

lubiicant, with {^raidiite, for heavy 

. loads: ;72 
■^nieltinjT j)oint of, 201. 

- ~ obtaiiM‘d from jx'troleum, 94. 

sijtonificatiioi value of (n//), 222. 

specific gravity (jf, 1S4. 

Vaucher s antifriction alloy, 389. 

Vef,'dtalde oils, distinction of, from animal 

oils, 232. m 

used for lubrication, list of, 106. 

(see FuC'/ nu's). 

Villavci chiii (and Fabri.s) ; furfurol test 
for sesame oil, 292. 

observations on olive oil, 292, 

Vince ; friction researches, 6. 

Vii gin (olive) oil, 112, , i 

' Viscom,’ for thickening mineraKiils, 126, I 
303. I 

Viscometer, ab.solute, descrijition of an,* 
133-135. 143-144. 

Colcinau-Ai’chbiitt, 147. 

Doolittli ’s torsion, 151. 

Engler's standard, 151. 

Englci-Kunkler, 152. 

inlet end resistance of capillary tube 

of, 27. 

— — method of standardizing, 156. 

— jiroportions necessarv for accuracy, 

27. 

Redwood’s standard, 144. 

results obtained by standardizing 

Redwood’s and Coleman’s, 167-161, 
Saybolt’.s, 149. 

— — standardized commercial, rules for 

determining viscosity by means of, 
161. 


Viscometry, absolute, 132-143. 

commercial, 143-169, 

Rbodin’s absolute method of, 1 13. 

Poiseuillo s ab.solute method of, 132: 

rules for, by means of standardized 

commercial viscometer, 161. 
Viscosity, absolute, definition of, 18. 

absolute, of oils det^mimd by the 

Colemar viscometer, 162-16f.^ 

absoluh, of oils determined by theu 

Redwood viscoiAetor, 166. ^ v, 

— ^ — absolute, summary of deters. inaUons, 
167. 


coMUuCn and, 16. „ 

‘ critioal velocity of liquids ancf; 

det^n)inationof(8eealso Viscomtry). 

— direct viscous flow and, 22. 


Visco,sity, elFects ol,^'dn friction of bearings 
56, 80. 345, 346, 395, 398, 462. 

effects oV temporat?i4’e and pressure 

on, 21. ' 

— energy correction in deterrainici^, 26, 

factitious, 126. '' •o , 

---beating of liearings produced bj 
cJfccssivo, 49bi 

mechanical, 22. 

nature of, 15. 

of castor oil, 167, 169. 

of glycero^nd w'ater, determinatior 

of, 1 36-5*40. 

of glycerol an j water, table of, 140- 

113. 

ofli(jiiids, 15 28; 

of oils, precautions in determining 

146. 


of olive oil, 167, 168. 

of mineral lubricating oils, 102, 167 


168, 169. 

of rape oil, 167, 169. 

of tallow, 167. 

of water, determination of, 135, 186 

physical, 22 

relation to oi'b’ness, 345, 346, 364. 

sources of error in determining, 26, 

values, expression of, 155.* 

Viscous flow and lubrication, 16. 
conditions detei mining steady 


24, 25. 

— between parallel planes havinj 
ditferential motion, 16, 

— - by gravity between fixed planes 

A 


through capillary tubes, 21 

24-27. 


Yobitile fatty acids, ^determination of,«24C 
Volatility and flashing-points compared 
J94, 310. w 

Volatility, doterraination of, 191-194. 

of mineral cylyider oils, 191, 194, 

of mineral lu'bricating oils, 191j 810 


WA\ir-'»r.rji’8 disc sight-feed cyliniSJ 
lubricator, 447.'" c ^ 

Walker (and Robertwiaw) ; determinatio 
Oi rosin oil in mineral oil, 296, 293 
Waller ; determination of the iodine yah 
of oils, 256. <■’ 

Walnut oil, acetyl of, 248. ^ 

frwzing-joiiit of, 199. 

— i ioain^vawe ^ 

L vajifrof piix£ d aci( 

ir— meltinff- yid solid? ^ying-pt^n' 

^ of mixed fatty afeids from, 20^.^ 

Q— oxidation of, increaseSf wei^ 

duri4ig^%8, 270. * 
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Walnut oil^refractivwiir iex of, 206.^ • 1 < 

ref lactometer value 201. 

saponification vdfue W, 2*22. 

opecuic gravit} of,^84. j 

« llitifriotki,i alloy, J89. 1 

i ; coTiosivo action 0 ‘ oleic acid upon j 
• firon, 215. 1 

W atch es,^ ubrica l ioji o f, 4 7 4 . 

'W||:ch*gl^s test lor oxidizing pro])erty of ; 
oilf, 2()5. . i 

■^tch-oil, Kelli’s, results of examination 

of, 121. ^ ; 

AVater^ as a lubricant, 49 

detection and dctenni nation of, n 

oils and greases, 805, 306. ^ 

■ dens^ of, at ^'‘-100’ C. {Kthlf), r - : 

^ — tension stress of surface lilra of, 30. | 

viscosity of, at 20" 0., 135, 136. | 

Waxes, composition of, 104, 105. , 

— — -aeterminalion of iinsaponifiable 

matter in, 225. 

«— distinction of, from fats and oils, 104, 
105. 

iodine values ^ 255, 

melting-points ol [fnhle)^ 204. 

, properties of mixed alcohols ob- 

tained from {i(tble), 234. 

resu^s obtained by acetylation of 

niix^jl alcohols from, 214. 

saponification values oh 222. 

specilic gi-avities at 60"_F. of, 186. 

unsapoiutiable matter in, per cent., 

233. 

Wear, estimation of losses due to^ 600. , 
iidrical bearings, 84. * 

/ (relative) of lead bronze bearings, 379, 
380. 


of railway vehicles, 


Welding of ra'^ials, 4.^ 
Wellinglon , on friction 


Westingftusc ; experiments on brake frio; 
tion, 9, 10, 11/ 

> Westpbal baiaucv (hy^static), for deter- 
mining specific gravity, 175-177. 
Wetting of sol^siiby liqn'ds, 31. 

theoij Iff, . 

Whale oil,%ckar«#ter8 of, as lubricant, 

• 119. 

. distinction of, from sperm oil, 

119. 

. - iodine vflue of, 255. 

i*>dine vain* of mixed fatty acids 

, trora, ^55. . , . * .# 

mel>n2- aA solirflfymg poRiti 

of mirfid ft.ttjf'icifts from, 205. 

^_#o5dizlbib‘i oT, com^rativ, 

\ ftracti#J^idex of, 206^ ^ 

......•'efraotometer value of, 2Q7 • 

Reichert value of. 3i?-2. 


^'hale .iil,' sapoiiihcation^alu ' o^222. 

source'iof, H9. 

specific <;i'avi y of^lS l. 

I fepocil'c giii/ii *'f mixed fatty 

acid# from, 85. 

; uiisaponifiable matter in, per 

j rent , 233. 

; use of, as lubricant, 119. 

Wli’te metals for l)eariiigs,^7<4 392. . 

i (see AnlUndioit aHoiis). • 

Wbitwoith ; on the adll 0 ^ion of metals, 4. 

. Wicks, examination of. 4S9. 

1 How of Inbiicants tlii-ougb^^, 43. 

lilting power of, 492 

Wiis ; reactions occurri; ' in Ilubl s iodine 
j ' process, 252,41^5(1. _ 

I Wijs’fl jirocesB for iletermining the iodine 
value, 257. 

I Wilberforce ; collection for kinetic energy 
! {vtst'omririi), 26, 136. ^ 

Willielmey ; measurement of siiperlicial 
ten.sion, 46. 

‘Wilbins’ high speed engines, crank 
chamber lubrication of, 475. 
Williams (Rowland); iodine value of 
. p tallow, 322. 

\Villiston ; on ‘ Hyatt’ ball bearings, 429, 
r Wilson (J. Veitch) ; acid, free, in sperm 
oils, 213. • ^ 

characters of blown oils, 122. 

llashing-]ioint of .sperm oil, 326. 

Hashing-points and volatility 

’ of oils, 186, 191. 

oiliness of lubricants, 30, 

temperature and time of blowing 

I oils, 122. • 

’ volatility of oils, 191. ^ 

1 Winn’s piston sight-feed cylinder lubn- 
} 1 ttor, 419. , . 

* Wolir, C.E (and Deeley) ; on lubrication 
J. of plain parallel surfaces, 64. 

Wood for bearings, 393. 
r- Woodbury’s mechanical oil • testing 
machine {di%), 365. 

Wool-fat, characteristics and identification 
of mixed alcohols from, 231, 234, 
t • 244, 245. . 

’ determination of, in presence of 

1. mineral oil, 245. • 

determination of unsaponitiable 

mitteAn, 227.^ 

is 1 jjidino vame of, 2.55. 

L ^dine value of mixoa alcohols from, 

tJl * 

j nreUjing-point of, 204^ ^ ^ - 

« l^-fmelTing- and Bolidifying^inta of 

’ 1 mixed fatty acids fron^ WS. 

^ i alftioheft-MeiBsl value of, 242. 

! saponification value of, 222^ 

I specific gravity of, 184. 
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V'ool-fat}, specific gmyity of mixed alcohoV 1 YdrKo (Thus.) ; oh i molecular 

from, ^ I ^ IG. 

— una:i|u)iiilial)]e rrmtler in, ]»er cent , (.fas.'^; s; outaneouo fj^nition 0t ofly 

'SA-]. ; rags, etc., 279. ' ^ ^ 

viscobily of, If)?.' U i Y’’ ’ j 

acct)! value (if, 2.")0. ’ ' » . / 

Vright ! .lldi'V; ; iodine value of tallow, ‘ Zhiio ’ metal, H89, ^ 

322. Zinc, ohjc* lions to, i/i bronze oewings*. 

— rH^dueliotc of s|iecific gravity to a| 381,38.3,381. ^ » 

vatMiuin, 18(1. 
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